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To ISa Excellency Hon. Leon Abbett, Oovemor of the Slate of New 
Jersey and ex-(^icio President of the Board of Managers of the- 
Oeological Survey of New Jersey : 

Sib — \ beg leave to preeetit herewith the Anooal Beport of the- 
Oeolt^cal Survey for the year 1890. 

Respectfully submitted, 

JOHN C. SMCXJK, 

State Qeologut.. 

Trenton, N. J., December 16th, 1890. 
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REPORT. 



In the organization of the Qeologioal Survey subsequent to the 
death of the late State Geolc^Ist, Dr. George H. Cook, September 
22d, 1889, Irving S, Upson waa appointed Aaaietant-iD-obat^ of the 
ofSce. The bnsiaess mant^ment and general direction of the work 
were retained by him until the Ist of October, 1890, when I aaeamed 
chai^ of the Survey and entered upon the duties of the office as State 
Geologist. Mr. Upson has remained in ohai^ of the office at New 
Brunswick, has done much of the clerical work and had the care and 
supervision of the distribution of the maps, reporte and other publi- 
cations. This annual report covers the work done under his direction 
and that under the present administration during the year 1890. 

Prank L. Nason, Assistant Geologist, in the service of the Survey 
since 1888, has been eng^ed in the study of the crystalline rooks of 
the Highlands and of the magnetic iron ores of that district, and has 
prepared reports on his observations in the field. 

C. W. Coman was hired as an assistant geol<^ist in September 
and b^an work in Monmouth county. He has continned his field 
investigations throughout the season and has prepared a short sum- 
mary of the results of his work. 

George C. Bullock, Alfred A. Cannon and Burton S. Fhilbrook 
have given efficient service to the work of distribution in the office at 
New Brunswick. 

Hatfield Smith has been retained as general assistant and be has 
given some time to the preparation of rook sections for microscopic 
study. 

C. C. Vermeule, Topographer of the Geological Survey for the 
years 1880-1887, has been eng^ed in a special work on the Water- 
Supply and Water-Power of the State. He has revised the new edi- 
tions of the atlas sheets which have been issued during the year. The 

(9) 
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10 ANNUAL REPORT OF 

resalts of the field-work done noder his directioa make np a ^BIge 
part of thb report. 

The office of the Survey has been removed to the State Honse in 
Trenton. The distribution is attended to by Mr. Upeon, at New 
Branswick, for the present. 

OE0L0OICA.L WOBK IN THB NOBTHEBK PABT OF TEE STATE. 

Frank L. Nason, Assistant Geolt^ist in the service of the Geologi- 
cal Survey, has been at work in the northern part of the State through- 
out the field season. From April to the middle of June he was 
engaged in the survey of the outcrops of slaty rocks (bydromica 
slate) and the associated schistose rocks and crystalline limestones 
which crop out in small isolated areas along the southeast border of 
the Highlands. Several new localities have been found and noted by 
him, and the range of the outcrops has been traced and the bound- 
aries defined from Montville, in Morris coanty, to Stony Point and . 
Tompkins Cove, on the Hudson river, in New York. The areas of 
these outcrops have been outlined on the geological map, and the 
structural relations of the rocks to the adjacent formations have been 
determined. Further study, and particularly in the direction of 
lithological work, is necessary to supplement the field observations 
before publishing the detailed results of this Survey. More than one 
hundred typical rock specimens have been collected for the State 
Museum, for exhibition and for future studies. 

During the summer and a part of the autumn he was at work in 
the limestone valleys, on the northwest border of the Highlands, and 
made a detailed survey of these rocks in the Vernon valley, in Sus- 
sex county. The "white limestones," "crystalline limestones," or 
" metamorphic limestones," as they are variously designated, in this 
valley, have been described in the reports of the Geolt^cal Survey 
since 1864, as members of the series of crystalline rocks of the Azoic 
or Arehean age. Mr. Nason's careful examination of the outcrops 
has resulted in the discovery of organic remains in these limestones 
which give a clue to their age and determine their relative horizon. 
The fossils discovered have been referred by Prof. Charles E. Beecher, 
of Yale University, to the Cambrian and below the Potsdam sand- 
stone formation, the oldest fossiliferons horizon hitherto known in 
the State, This discovery is of importance in the solution of the 
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problem of the age of these limestones, which has been so long time dis- 
onased. It bears iDdirectlj npoQ the question of the age of the asso- 
ciated orjstallioe aohiets of the Highlands also. As a oontribation to 
oar knowledge of the fossils occurring in the State, it is noteworthy. 

The study of the outcrops has brought out clearly the intimate 
relations of the white limestones and the common blue limestones, and 
that of both of these formations to the saudstoneB and quartates 
of the valley. The gradation from the white to the blue limestone 
within short distAuces and their conformity, indicate that they are 
parts of one series; metamorphic or altered structure is apparently to 
be assigned to diverse conditions. The so-called " gneisses" of pre- 
vious reports are proven to be eruptive rocks — graoitfis, diabases and 
soapolite rocks principally — and not interstratified beds or members 
with the limestones. The metamorphic condition of the limestones in 
the vicinity of these eruptive rocks is noteworthy, and suggestive of 
the cause of the altered conditioii of the former class. Inasmuch as 
the apparent interbedding of the " gneisses " and the white limestones 
was the ground for the contemporaneous age of these rocks, this de- 
termination of the true nature of these crystalline rocks associated 
with the limestones, ujHets that hypothesis and eliminates the latter 
from the Archeaui series. The several sections made across the 
Vernon vatley, between Franklin Furnace and McAfee, illustrate 
these statements, as also the full detailed notes of Mr. Nason's report. 
A small geolc^ical map shows their location and the areas of the 
several rocks described in his report. 

A large number'of specimens have been collected from the valley 
for exhibition and for future studies in the laboratory. 

Additional detailed surveys of the other limestone areas on the 
west«m border of the Highlands, and in &ct of all of the country of 
the crystalline rocks, are necessary to an accurate knowledge of the 
relative position and true nature of these formations, hitherto grouped 
under the generic title of Archean, and for their correct representa- 
tion on the new geological map of the State. The valuable zinc-ore 
deposits, and magnetic and hematite iron ores on this side of the 
Highlands, in and near these crystalline limestone outcrops, show the 
importance of more information and of an accurate survey of these 
outcrops and of the adjacent territory, in order to a thorough acquaint- 
ance with the modes of occurrence and other data, which may become 
available in the exploration and searching for other deposits of extent 
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itnd value. And it is hoped that farther geological investigations 
may have a practical bearing upon the modes of searching for ore 
deposits in all of the Highlands. 

In obedience to my instrnctionB, given on assuming direction of the 
Survey, Mr. Nason began in October the work of visiting the iron mines 
and collecting notes upon their extent of opening, geological stmctiire, 
statistics of working and output, markets and use of ore, ownership 
and leaseholds and other data of general interest, preparatory to a 
report on the iron mines of the State. The last report on them was 
in 18S6. It was incomplete and wanting in detail. The demand for 
information about the iron ores and their location, and the condition 
of the iron-mining industry, led to the preparation of the report. 
The instructions were to make the inquiries as full as possible^ and to 
collect as much material as the length of time lefl for field-work would 
permit to be done. The activity in the iron trade during the year, 
and the demand for ores, although at low rates, su£^;e3t the present 
as opportune for the piesentatioo of this report. The possibilities of 
an enlarged output next year and the uncertainties of the more dis- 
tant future put upon mine-owners and lessees the ueoeseity of an 
increased production during this time of steady demand, and upon 
the Survey the desirability of publishing available data which can be 
of service to the mine manager and to the prospector and help in guid- 
ing him to new fields of enlerprise. Such a report is of value to the 
capitalist outside of the Stale who may be seeking information con- 
cerning locations, leases, quality of ore, date of working, &c. 

The need of representative specimens for exhibition io the rooms 
of the museum in the State House has made it desirable to use this 
opportune time to select the same when the mines were active. The 
making of such a collection of the ores, as well as the associated 
rocks which may accompany and mark the occarreuce of these ores, 
has been an important part of Mr. Nason's work. And he has 
already collected 161 specimens of ores, of cabinet size, and 287 
specimens of rocks illustrative of (heir occurrence. This collection 
will make an interesting part of the economics in a State museum. 
It may be added that the work has been helped by lists furnished 
from the office of the special department of the United States Census 
charged with the statistics of iron ore, under the direction of John 
Birkinbine, of Philadelphia, and David T. Day, Chief of the Depart- 
ment of Mining Statistics in the United States Geological Survey. 
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The results of tbe ceueus inquiry will be awaited with interest, in the 
comparative showing for the decennial period 1880-1890. 

The report on the iron mines contains a list of all of the openings 
and mines of magnetic iron ore which have prodnced ore to a com- 
mercial extent, and with references to all of the published notes 
thereon in the "Geology of New Jersey," 1868, and in the annual 
reports issued since that time. These references will enable thwe 
in search of information about any particular locality or mine to 
learn all that ban appeared in print in the Survey reports. Although 
scanty in detail in the oase of many of the minee, the notes taken 
tt^ther throw considerable light upon the history, time of working, 
aztent of ore- body, quality of ore and advantages of location and enable 
one to form a more nearly correct and safe judgment as to the value 
of a mine, or of a mining district. The uninterrupted working and 
constant produotion of some of the best and most noted mines, the 
iucreasing development of others, and on the other side the chequered 
history with its brilliant prospects and sad disappointments, and the 
failures and long periods of inactivity which have marked certain 
others — these facts can all be read in these notes. That in all cases 
the history is in accord with the true value or capacity of a mine 
cannot be safely affirmed. There are no doubt idle mines which 
were abandoned, or closed for working, on account of disadvantages 
of location — thin beds of ore, pinching out so as not to be worked 
economically, or ores unsnitable on account of leanness, or because 
of tbe presence of foreign minerals, making the smelting difficult 
and costly. It is also highly probable that some of these abandoned 
mines await the coming of capital to open them and develop their 
deposits of ore, or of more persevering and intelligent management. 
To assume that in all of these apparent &ilure8 the cause is in the 
nature of thedeposit,.would be to accept the dogma of infallibility in 
man's direction. Hence, the suggestion is made here that this list 
may be studied with profit by those seeking investment in iron ores, 
or the direction of mining operations in new fields. Particular 
attention is called to tbe notes on the rocks found with the ores in 
the mines — mine rock — and on the country rock, in which ores are 
found to occur generally in this Highlands region, as useful hints to 
prospectors, both in the further development of old mine localities 
and in tbe discovery of new disposita of extent. The use of the 
miner's compass is also referred to, with some practical rules for the 
correct interpretation of its readings in the presence of ores. 
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GBOLOOICAX WORK IN THE BOUTHEKN PABT OF THE STATE. 

In the sonthern part of tfae State preparatioo has bees made for a 
detailed geological map, showiDg the limitB and areas of the variooa 
superficial formations of saDds, grarels, cla^s, peats, tidal marshes 
and other recent deposits. For this exhibition, the topt^raphical 
maps of the Geological Survey are to be the basis on which these more 
reoent geolc^ical terranes are to be laid down. C. W. Coman, who 
was hired in September as Assistant Geologist, b^an work in Mon- 
mouth and Middlesex counties and in the Bur7ey of the terraces along 
the coast and the lower stream valleys of the coast belt. These ter- 
races were described briefly and their further extension indicated in 
part in the Annual Keports of the Survey for the years 1880 and 
1888, and their heights and probable extent were shown on the topo- 
graphic maps, but no systematic study of them had ever been made 
hy the Survey. The results of Mr. Coman's observations on the 
terrace formations point to the occurrence of three well-marked ter> 
races, one at the height of ten feet, a second about forty feet and a 
third sixty feet above the line of mean tide. They are evidently the 
old lines and marks of former water levels on this part of oar coast, 
and mark some of the stogee in the upraising of the land. The land 
is now reUtively higher than it was in the terrace epoch. The broad- 
bottomed or U-shaped valleys in which the streatuB of the coast belt 
now flow are also marks of changes here and indicate the greater 
volume and size of the rivers which flowed therein during a subse- 
quent period. The survey is, however, too incomplete to discnsa the 
question of geological age and describe the succeseion of changes 
which all of these phenomena appear to iadioata. The subject belongs 
to the geological history of the continent and is related to pure science, 
rather than to economic geology, althongh, inasmuch as these terraces 
are generally sandy or gravelly, they differ materially from the adja- 
cent outcropping beds of clays, marls and sands of the underlying 
cretaceous formation and are distinctive features of the surface viewed 
from the standpoint of agriculture. 

Some attention was given in this work along the coast to the beds 
lying upon the greensand marls, bat the observations are over so lim- 
ited a district as to forbid generalization. 

In December Mr. Coman was transferred to the Delaware -valley 
and he b^an the study of the gravels about Trenton. The work has 
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been done so recently that it would be premature to announce 
results. It is safe to eaj tliat the ana of the formation which may be 
termed the " Trenton Gravel," and which represents the estuary into 
which the old Delaware poured its flood of waters at the end of the 
Glacial Period, has been ascertained and its limits determined. The 
work rests so la^ly upon the topc^raphic map that it is a forceful 
argument for accurate maps upon which to delineate the lines of geo- 
logical formations, and also of their invaluable assistance in tracing 
such lines in the field. The relation of this Trenton gravel to the 
yellow gravels of South Jersey is yet to be made out, as also that 
of the brick clays to the latter graveL The geological history prom- 
ises to be an interesting one when it shall have been deciphered in 
these various gravels, sands, clays and other alluvial and diluvial de- 
ports. So much atrees has been put upon certain finds of rude im- 
plements in this Trenton gravel that it seems desirable for the Survey 
to decide npon its age by a most careful study. 

WATBB-SUPPLY AND WATEB-POWEB, 

In accordance with the plans of Dr. Cook for the publication of the 
results of the work of the Geol<^oal Survey, the studies and field ob- 
servations for the volume on Water-Supply and Water-Power have 
been carried on throughout a part of the year under the immediate 
direction of C. C. Vermeule, late Topographer of the Survey. 
The report is made on the observations of stream-fiow and rmnfall up 
to date. The oensna of the water-powers of the State is still in pro- 
gress, and is, therefore, incomplete. These lines of investigation are 
concurrent and related intimately; the application of the facts ob- 
tained in these inquiries is quite diverse. That of water-supply is of 
the most vital importance to the city population. Comfort and health 
are both ministered to by an abundant sapply of wholesome water 
for domestic and household use. And this statement applies to the 
masses of the people, since comparatively few are so situated as to 
be independent of a public water-supply. Good water is a powerful 
factor in onr environment, and tends to our highest development. 
The earliest reports of Dr. Cook indicating the existence of streams 
of pure water and of natural reservoirs, and his later surveys, which 
showed slearly their location and aoceesibility to our city populations, 
are a part of the history of the Geological Survey. The questions of 
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water-snpply for nearly all of the cities in the northeastern part of tiie 
Stale are still unsettled. New sources are wanted by some of them ; 
others are looking for an increased supply. Although fall co-oper- 
ation in a comprehensive plan, which should include all of tbeee 
cities, is, perhaps, barred by their existing amuigemeuts, some 
general control of the water rights by the Stat« is far from b^ng a 
Utopian scheme or nndemocratic. And the traditions of the Survey 
are in the line of indicating such a comprehensive system of supply 
as will tend to the highest development of these towns and cities, 
without prejudiciog the rights of communities or existing companies, 
and at the same time maintain for the State its proper jurisdiction in 
its natural waters. These are as much a part of its economic resources 
as the soil and the mineral wealth beneath the surface. 

In the southern and central parts of the State the supply of water 
by mesnB of artesian wells is in much iavor, both for villages and 
towns and for manufacturing purposes. They meet the wants of the 
smaller towns, and particularly at points on the Atlantic coast, where 
many have been sunk and abundant flows of good water have been 
secured. The possible limit to the volume of water which is obtain- 
able from water-bearing beds at any given point, is not shown by 
any results thus far had, but for larger centers of population the 
recourse to streams will no doubt be necessary, even where artesian 
/wells exist. And the growth of the cities in the soatbern part of the 
State will call attention to a report on the available sources of supply 
in the streams in that part of the State, or, possibly, to some general 
State system, drawing from the superabundauoe of good water flowing 
out of the forested hills of the Highlands. For many places in the 
southern interior and on the Atlantic coast belt, the artesian well is 
eminently satisfactory for a supply of water for domestic use. Their 
success is suggestive for other than household supply, viz., for flow- 
ing cranberry bogs and for the irrigation of crops on lands not other- 
wise tillable or adapted to cultivation. 

The other line of inquiry, that of water-power, is a new one in the 
history of the Survey work. The first question asked is, What are 
the streams which may furnish power ? And the complete answer to 
it gives the hydrography of the State. The topographic maps show 
the sources and courses of the streams, and their relation to the cities 
and towns and lines of transportation, or sites where their power can 
be utilized. Then follow the questions on the fall and volume of 
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water at all aeasoiiB, and the sites, cx!cupied or not, where this power 
is to be had or where it can be improved. Henoe the great practical 
importance of a census of these water-power sites and their available 
horse-power, as ascertained by means of accnrate gauging. This 
work of gauging ie of necessity slow, and requires time for periods of 
observation long enough to eliminate exceptional features and to reach 
a safe and &ir average estimate for the use of the engineer. The 
field-work was begun in February, and a system of weir>gauging was 
undertaken by reliable observers who were found willing and capable 
for this work. Several of these observers volunteered to keep records 
at their mill sites, thus aiding materially and reducing the cost of this 
part of the work. The Beattie Manufacturing Company, at Little Falls, 
kindly furnished a record from June, 1888, s valuable contribution, 
giving statistics of flow on one of our most important streams and at a 
valuable site. This census will give data of power in use and its work, 
notes of freshets, amount of iail, ownership and some statements about 
abandoned mill sites. It is believed that this report will be useful in 
attracting attention to the nnnsed water-power of the State. Our sit- 
uation so near the great Eastern markets, the many railway and canal 
lines, following the courses of the streams, and the healthy and beau- 
tiful sites for manufacturing towns, are all in favor of its develop- 
ment. The need o£ closer attention to economy of production must 
seek out such available sources of cheaper power. One disadvantage 
noted and urged against the use of water-power of the smaller streams 
is their varying stage of water and low condition in dry seasons. A 
remedy is suggested in the construction of reservoirs on these streams, 
for which there are in all cases natural advantages to aid in their con- 
struction. And these reservoirs on the tributaries of the Passaic, 
Raritan and Delaware are capable of being made attractive features 
in the landscape of the hills, thereby enhancing the value of the land 
for residential purposes, and for equalizing the flow for the purposes 
of city water-supply. In the thorough utilization of available natural 
water-power the State is far behind Massachusetts and Connecticut ; 
and there does not appear to be any good reason for this diflPerence. 
Attention is asked to this report of Mr. Vermeule, as a valuable state- 
ment of facts relating to water-power, with a full discussion of the 
flow of streams and its relation to sainfall, and of statistics of water- 
powers available and in use, and of sites not now at work. The full 
report on Water-Supply and Water- Power is to form the subject of the 



itizedByGOOgle 



18 ANNUAL REPORT OF 

next volume in the series known as the Final Report, and it is expected 
that it may be ready for pabltoation some time during the ooming 
year. 

ABXESIAH WELU. 

In answer to my request, Mr. Lewis Woolman has prepared a 
paper deecribing the reoently-bored welb in the sontheaetem, coast 
belts of the State, and added notes on some of the older artesian 
wells. He has collected valuable data on the depth and thick- 
nees of the strata passed throngh in these borings, and specimens 
representative of these various beds, which make interesting 
suites for exhibition in a State collection. His observations oonfirm 
the existence of a sontheastward dip of the beds, as stated in the 
Annual Reports of the State Gieolt^t and in the Geology of New 
Jersey, published in 1868. This dip or descent in the npper and 
newer beds is shown by his sections to be at a lesser rate than that of 
the lower beds, and particularly less than in the greensand marl and 
associated beds. In these latter the dip, as stated in the reports on 
the marls, in 1868, is at the rate of 26 to 37 feet per mile;* the 
sections from these wells on the coast indicate a dip at the rate of 
24 te 26 feet per mile. The greater thickness of some of the beds 
as they extend southeast, under the newer formations, is apparentiy 
confirmed.! 1^^^ evidence of this greater thickness is strengthened by 
the configuration of the bottom of the ocean off the coast of the south- 
eastern part of the State. As was pointed oat in the report for 
1884, the descent of the bottom for the first 100 miles is at the rate 
of three feet to a mile, whereas beyond 150 and 250 miles the rate 
of descent corresponds almost exactiy to the dip of the cretaceous 
strata. 

The ezietence of the diatomaceons earth in other localities and its 
place in the series as a bed of considerable thickness and persistence, 
are also pointed out in these notes of Mr. Woolman. Its correlation 
with the green, miocene marls o^ Shiloh, in Cumberland county, 
referred to in last year's report, is i^in noted with further evidence. 
The study of the surface in detail will, doubtless, result in the dis- 

* Oology of N«w Jetwy, 1868, p. 24fi. 

tAouual Report Stale Oeologial, for 18S3, pp. 14-20; AdddbI Report State Geolo- 
gul, fat 1884, p. 127. 
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covery of other ontcropa, and of its relations to the assodated beds, 
as met with in well-boringe and on the surface. 

The important practical geaeralizatioa of the paper is in the exist- 
ence of three well-m&rked, water-bearing beds of sand at the depths of 
554, 700 and 1,100 feet in the Atlantic City well, and at lesaer depths 
in the country to the northwest, corresponding to the distance there- 
from. Having this standard of reference at the east or southeast, and 
the well-known structnre of the greensand marl formation at the 
west, and knowing the rate at which the beds descend in a general 
southeast direction, it is possible to indicate the probable depth below 
the snr&ce at any given point, at which the water-bearing beds can 
be reached. The abundant supply of good water which is practically 
within reach at almost every locality in the southeastern part of the 
State, with the high degree of probability of obtaining a flowing stream 
of water, are advantages which invite and attract people to it. Thus 
the study of geoli^cal structure and the scieotiGc examinatiou of 
specimens from these well-borings are proving to be rich in practical 



The report on the drain^;e-work inaugurated by the Survey and 
carried on with so much sncoess and such beueBcial results, thereby 
adding to our available resources, is written by George W. Howell, of 
Morristown, and one of the Commissioners of the Draim^ of the 
Passaic Wet Meadows. 

On the Passaic the work of removing the obstructions in the river 
at Little Falls has pn^ressed slowly, bat steadily. The la^ area of 
country and the value of the lands affected, as well as the sanitary 
improvement which this drainage appears to promise to the resident 
populatiou of the Upper Passaic valley, combine to urge the neces- 
sity of its speedy completion. The long history and varied results 
which attended the earlier efforts to drain these lands, and the promise 
of success of the latest plan, elaborated and b^:nn by the late Dr. 
Cook, a native of the valley and attached so ardently to this work of 
improving the country of his early home, seem to call upon us to do 
all that can be done to make this dranag^work a snbatantial mona- 
ment to bb untiring persflyerf^pce, and add to the wealth of acreage in 
the State. 
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PUBLICATION. 



The publicatioD of the series of volumes constituting the final 
report has prc^reseed as far as Volnme II., which was issued io two 
parts. Part I. pp. x. + 642, appeared in 1889. It contains a Cata- 
I<^e of the Minerals found in the State, by Frederick A. Canfield, 
A.M., E.M,, of Dover, Morris couoty ; a Catalogue of Plants found 
in New Jersey, by N. L. Britton, Ph.D., of Columbia Collie, New 
York. Part II. pp. x. -{- 824, ooutaius a Catal(^ue of Insects found in 
New Jersey, by John B. Smith, Entomologist of the New Jersey State 
Agricultural Experiment Station, and a Catalogue of Vertebrates of 
New Jersey (a revision of Dr. C, C. Abbott's catalogue of 1868), pre- 
pared by Prof. Julius Nelson, Ph.D., of Rutgers College. These two 
parts of Volume II. have been distributed to about 2,500 individuals, 
public offices and libraries in the State and scientists in other States, 
following the list as used for the distribution of the first volume of 
the series. The interest shown by the people in the requests for these 
catalt^ues of natural history is gratifying and evidence of a growing 
desire on their part to learn more of the State and ilij minerals, its 
v^etation and its animal life. 

DISTBIBOnON OP PDBLICATIOS8. 

The distribution of the publications of the Geological Survey, in- 
cluding the volumes of the final report, the annual reports and the 
maps of the topographic atlas, is time-consuming and expensive, and 
it has been necessary to retain the help employed at New Brunswick 
in continuing it on the increasing scale which the constant call for 
reports demands. This work has been in charge of Mr. Upson, who 
remains as Assistantrin-charge of the office. The ooctinuauce of the 
office at New Brunswick is rendered a necessity on account of want of 
room at the Stal« House. The transfer of the collections, as well 
as the stock of reports and maps, to the State House, is to be made 
as soon as the rooms for the new office and the museum are ready 
for occupancy. 



A museum, to be known as " The Museum of the Geolc^ical Sur- 
vey," was established by law passed at the last session of the L^is- 
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lature, and the rooms for it were ordered to be provided for by the 
proper aathoritiee. The ooUections belonging to the State are those 
which formed a part of the old State Moaeum, and which were sent 
to the expoeition at New OrleaoB, and the materials collected during 
the progrees of the Survey since that time and stored at New Bruns- 
wick. They are mostly good representative specimeua of ores, rocks, 
minerals, clays, marls and woods of the State, and are nearly all 
suitable for a new mnseum. In view of the establishmeot of a 
museum, I have had oolleotions of our iron ores made which are full 
and typical of their ocoarrence. This will make an important and 
la^ addition to the material now stored in the State House. A 
State Museum which may contain representatives of the economic 
wealth of the State, is much wanted for their proper exhibition and 
for distribatiug iuformatioo to the people. These collections, aided 
by maps and, particularly, by models (or relief maps), will be valu- 
able object lessons, and illustrate the reports and oatalognes of the 
natural history of the State. 

The work for the coming year is to be directed mainly to the prepa- 
ration of a detailed geol<^caI Map of the State, on a scale of one mile 
to an inch, and on the topographical sheets of the Atlas of New Jer- 
sey as a base. It will be divided into two parts and appear in two series 
of maps. One of them will give the study of the strnctural geolc^ 
and the maps will be on the plan and according to the usual style of 
geological maps. The underlying rock formations, irrespective of the 
surface, will be shown thereon. For this series a lai^ part of the 
data of the Survey will be available and of the greatest service in 
completing the work. The study of the surface or superficial deposits 
or formations will be the other line of inquiry, and the maps will 
exhibit the nature of the sur&ce and the actual outcrops. It will be 
more properly an i^icaltural map and show the distribution of the 
soils. For it very little useful material is on hand and the whole 
State must be traveled. The work is a great one, although not as 
laborious as that of the topc^raphical survey. The proper discrimina- 
tion between the varieties of surface deposits will demand much care 
and conscientious and faithftil observation. 

In order to aocomplisb this result, the assistance of the United 
States Geological Survey has been sought and aid has been promised 
the State. According to the plan proposed and accepted by the 
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Board, ite help will be in the study of the crystalline rocks of the 
northern part of the State and the associated Paleozoic rocks and the 
adjacent red-sandstone belt. A detailed geological map of these 
formations, embracing abont three-sevenths of the State, is thus to be 
done by the National Snrvey, leaving the rest of the State to oar 
Survey. With this subetantial assistance it is believed that the map, 
as proposed,' can be completed within the current five-year period. 

The United States Coast and Geodetic Snrvey, through its Superin- 
tendent, promisee tl^ continuance of the appropriation asked for by 
Prof. £. A. Bowser, in charge of the triangolation work, and is de- 
sirous of aiding more particularly in surveys and levelings to ascer- 
tain what are the changes now in progress on onr Atlantic coast, and 
the amount of subsidence, as well as the wear of the coast. The 
question is one of importance to property-owners and others interested 
in lands on our sea-shore. The alterations in the shore line, as re- 
ported from time to time, and the subsidence of the land or rise of the 
water on th6 land, are questions which need to be answered by figures 
drawn from surveys and levelings, referable to accurately-located 
datum lines. The co-operation of the United States Coast and Geo- 
detic Survey will be given toward the establishment of a few monu- 
ments and a survey of the shore with reference to them. Professor 
Bowser is to act with the State Geolt^st in the locating of these 
bench-marks and monuments, and in making the needful surveys. Of 
course the results from work of this kind are not to be expeoted at 
once. They must await the action of great forces which operate 
slowly, but surely and irresistibly. 
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UNITED STATES COAST AND GEODETIC 
SURVEY OF NEW lERSEY, 

BY BDWABD A. BOWSJGK. 

Daring the present aeasoD no work has been done on the United 
States Geodetic Survey of New Jersey. The next etations to be 
occapied are Colson and Taylor. These two stations will determine 
the old coast survey statioD, Lippinoott, the monument at which is, I 
believ^ lost. 

An obeerving-tower, sizty-foar feet high, ehoald be built at Col- 
son daring the present fiscal year, and a reoonnoissanoe should be 
made in April, before the leaves are on the trees, for opening vistas 
through the tree-tops from Colson to Taylor, Bridgeton, Borden 
and Lippincott, so that we may b^n the measurements of the hori- 
zontal angles at Colson immediately after July Ist, 1891. As there 
is much tall timber on these lines, towers at least sizty-foor feet high 
. will be necessary also at both Taylor and Bridgeton. These towers 
will ooet nearly $300 apiece, without the reoonnoissanoe. 

If New Jersey receives an allotment of about |400 for the present 
fiscal year, the observing tower at Colson can be built and the recon- 
noissance, or a part of it, can be made before June 30th, 1891. Then 
July 1st, 1891, we can b£^n the meosoremeats of the horizontal angles 
at Colson and complete the above reoonnoissanoe, and after these 
angles have been measured, if we receive a fair allotment (say f 1,600), 
the tower at Taylor can be built and the measurement of the angles . 
at tbat station can be begna and perhaps completed. It is very desir- 
able that the old coast survey stations, Lippiucott, Burden and Pine 
Mount, be recoverad and re-marked, 

(28) 
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THE roST-ARCHEAN AGE OF THE WHITE 
LIMESTONES OF SUSSEX COUNTY, N. J. 



FBAJIK L. NASOM. 



GBOQRAPHY AND TOPOGRAPHY. 



The white limeatone belt of the northwest b^ns at Moaote Adam 
and Eve, in Orange county, N. Y., about four miles northwest of 
Warwick. A narrow tongne ]iee along the Boutheaat flank of Monnt 
Eye, and another tongne lies between the two hilli. 

From this point eonth the belt widens, till at Amity, N. T., it 
attains a width of two miles. From Amity the belt f^ain narrows as 
it approaches the New Jersey line. Near the New York State line 
the limestone liee against the eastern foot of Pochack Mountain, and 
oonlJnues to a point about one mile and a half below the villt^ of 
McAfee. At McAfee the white limestone seems to fill the entire 
valley between Pochuok and Hambui^ Mountains, crossing the valley 
at nearly right angles. From here it follows the foot of Hamburg 
Mountain to Franklin Fnmaoe. At Franklin Furnace the belt ^^n 
crosses the valley and theoce follows the eastern foot of the Pimple 
Hills to a little below the zinc mines at Sterling Hill. 

Between the two points, Mounts Adam and Eve and the terminus 
below Sterling Hill, a distance of thui>y-one miles, the belt of lime- 
stone appears to be continuous, but from this point to the Delaware 
river the line is indicated by isolated patches of limited area. 

Between the terminus of the line at Sterling Hill and the Sussex 
railroad, still further south, there are between eighteen and twenty- 
five outcrops, varying in extent from one-fourth of an acre up to two 
or ten acres in extoit. 

The next lai^est outcrop lies along the eastern foot of Jenny Jump 
Mountain, in Warren county. The line here is not continuous, bat is 
broken up into seven or more patches within a distance of five mil^ 

(25) 
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the largest of which is near SouthtoWD, at the extreme northeast 
point of Jenny Jump Mountain. 

It is to be noted that here, as usual, the white limestone is flanked 
by the blue and is intimately associated with it. 

A very limited outcrop is exposed in the Delaware, Lackawanna 
and Western railroad cut at Pequest Furnace. 

The last exposure lies in a narrow valley about two miles in length, 
and running nearly east and west, between the Belvidere mines, north- 
west of Oxford, and Hazen Post Office. 

Banning at Mounts Adam aod Eve, it will be noticed that the 
white limestone is flanked on either side by the -blue or m^nesian 
limestone. On the northwest border the blue limestone is out oat 
near the New Jersey line by the Fochuck Mountain on one side and 
the white limestone on the other. 

On the southeast side the bine limestone follows along the border 
of the white, till it is cut out by the white limestone on the eastern 
slope of a small, precipitous hill one-fourth of a mile directly east of 
the hotel at McAfee. Between Mounts Adam and Eve and McAfee 
there are several places that will be mentioned more particularly later 
on, where the unchanged blue and the full crystalline, white limestone 
lie close together or grade into each other. 

From McAfee to Franklin Furnace the blue limestone lies on the 
northwest flank of the white till it ends at Franklin Furnace, on the 
northeast point of the Pimple Hills.* 

In order to get an exact idea of the boundary line between the 
white and blue limestone at McAfee, please have in mind the 
letter " M ; " the two angles at the top of the letter pointing north will 
then represent two tongues of the unchanged blue limestone, while the 
angular depression in the middle of the letter will represent a tongne 
of highly-crystalline white limestone lying between the blue and 
pointing south. The right-haud side of the letter will then be flanked 
by the white limestone which lies along the western foot of Hamburg 
Mountfun. 

East of Furnace pond, Franklin Furnace, the blue limestone is A- 
shaped. Either flank of the A (the apex lying to the north) is white 

* It should be noticed that the blue limeslones do not reall; end hece, bat that the; 
pass around to the left and then continue along the northwest border of the gneisses to 
the Delaware river. In several places along thia border, white limestone in small 
koobs appears between the blue limeitone and the gneiss. 
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limestone. From hsre the bloe limestone mnB dne soathwest and cats 
out the continuous belt of white limestone at a point on the Pimple 
Hills, about one-eighth of a mile north of New York, Susquehanna 
And Western railroad. The blue limestone continues in a narrow 
tongue to a point a little more than five miles southwest of Sparta 
village. On the northwest border of thie belt there are four isolated 
patches of the white limestone lying close to the gneisses of tfie 
Pimple Hills. 

At the southwestern terminus of this belt of blue limestone tliere is 
a low water-shed which turns the course of the water to thesonthwest, 
where it finds its way to the Delaware through the Mnsconetcong 
river. 

In this water^shed there are two small streams, one known as 
Lubbers ran. In the narrow valleys oooopied by these streagas there 
are several patobes of blue limestone, underlain by sandstone, as well 
as several patches or knobs of white limestone. The blue or magne- 
sian limestone, with the exoeption of some slaty rook, fills the entire 
Musconetcong valley from Waterloo to Phillipsburg. 

In the Pequest valley, bounded on the northwest by Jenny Jump 
Mouut^n, the blue and the white limestones bear about the same 
relations to each other as the ones already described. 

The pointa to be borne in mind from this description are : First, 
the intimate association of the white and Ihe blue limestones ; second, 
that this same intimate relationship probably existed between the 
now-isolated patches of blue and white limestone in the water-ahed 
just mentioned, before erosion or solution swept away the bulk of the 
formation. The probability that this relationship existed is reduced 
to almost a certainty by finding patches of limestone where the lime- 
stone, sandstone and white limestone grade into each other. 

TOPOGRAPHY. 

In the study of the topography of these limestone belts (the white 
and the intimately-associated blue) in their relation to the gneissic 
moantains on either side of them, three very striking features are 
observed which serve to point to their being a geol<^cal unit on the one 
hand, and to their being disductly separated from the gneisses on the 
other hand. These features are as follows : 

first. The strike of the axial ridges of the flanking mountains, 
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Poohnck, Hamburg, Pimple Hills, Wafrayuida and Sparta, is very 
nearly due northeast. The strike of the white limestone ridgee and of 
the blue as well, when these ridges are both flanks white limestone, or 
one flank white and the other blue, is north, 5° to 16° east. 

The exception to this rule is between McAfee ani Hamlmrg, and 
on the north side of the Lehigh and Hudson River railroad. Here 
the ridges of white limestone and of blue and white mixed, have their 
axes nearly parallel to the axes of the gneisses. 

Seoond. The highest point of the limestones in this valley is at the 
lowest point of the flanking gneisses. That is, from Franklin Fur- 
nace to McAfee, the average altitude of the limestones is a little over 
700 feet. This altitude declines to the northeast to an average of less 
than 500 feet. To the southwest the average is less than 600 feet. 

From Hamburg the Poohuck Mountain (gneiss) rises to the north- 
east from an latitude of 600 feet to 1,100 feet From Franklin Fur- 
nace the Pimple Hills rise &om an altitude of about 600 feet to 1,000 
feet at the southwest. The same is true, though in a less marked 
degree, of the Wawayanda and Sparta Mountains. 

The relations may be briefly expressed by comparing the slopes of 
these two fornmtions to two wide angles. The sides of the angle 
representing the limestone, «lope downward to the northeast and to the 
southwest. The sides of the angle, representing the gneisses, slope up 
in the same directions along the strike. 

Third, The gneisses, almost without exception, are monoclinal, or 
overthrown anticlines with an almost universal dip to the southeast. 
The limestones are for the greater part marked antiolinee, or if mono- 
clinal the dips are about equally divided between the northwest and 
the southeast quadrants. 

AXES OF DMTCEBAyCE. 

To one who is at all familiar with the geography and geol<^;y of 
New Jersey, it will at once become apparent that the white limestone 
is distributed along axes of great disturbance. This disturbance is 
indicated — First, by violent and sudden changes in the dip and strike ; 
second, by the presence, in great abundance, of eruptive rocks of various 
kinds ; third, by the shattered condition of the rocks. In the white 
limestones tliie disturbance is marked, in addition to the shattering, by 
what in other rocks would be called slickensides. The limestones, in 
addition to the polished surfaces, have numerous bands of graphite 
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from one-dghth of an inch to an inch in widtti, and oooaaionally two 
feet in length. This banding is not confined to the polished surfaces, 
but extends sometimes to the distance of a foot or more within the 
rook, where the bands disappear and the brilliant scales of graphite 
and the crystalline faoes of the limestone take their places. The 
banding in every case is parallel to the sinuosities of the aurface, and 
the bands show a distinct parallelism to each other. The graphite of 
-the bands has not the brilliant natural sur&ce of the graphite scales 
in the rock proper, but even when flaky has a dall appearance, aa if 
having been rubbed. These markings are present in every quarry of 
the white limeetonee, and they have been found in many other places. 

As would naturally be expected, the blue limestones have not this 
shattering in the same marked degree. Yet, ijrben in close connec- 
tion with the white limestone, it is observed, bat with the abeenoe of 
the bands of graphite. 

Graphite in this case, however, is invariably present, but usually 
in fine dull scales, and only abundant in proportion as the change 
from blue to white has taken place. The sandstone which accom- 
panies the blue and white limestone in such cases, when exposed, 
is broken but not polished, and the scales of graphite are then 
bright, 

EOCK8 ASSOCIATED WITH THE WHITE LIMB8TOBBS. 

The rocks associated with the limestones are as follows : Granites, 
Bcapolite rock ("geflecter gabbro"), boulder-like masses of various 
kinds, gneiss (?), pyroxene mica rock, sandstones and quartzites 
(fosailiferous), and mica diabase. 

The granites are by far the most abundant of the foreign rocks of 
the limestone series. They occur in great dykes and bosses, and they 
are also interlaminated with the white limestones. At Franklin 
Furnace there is a great dyke running nearly due northeast across 
the limestones, which here strike about north, 5° east. The dyke 
shows itself in the quarry just across the railroad from the furnace, 
and it has been beautifully exposed by quarrying the limestone from 
either side of it. This dyke again appears on Mine Hill, aud can be 
traced almost continuously for the whole distance. 

In the Trotter zinc mine, on Mine Hill, great horses of granite 
are of^n enoonntered. In the public road along the north side of 
Furnaoe pond, a great exposure of granite appears, flanked on either 
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side by white limestone. It is also the foot-wall rook of the front 
vein of zinc ore fixim the soathweet opening to the northeast opening 
near Greenspot. The hills between Hamburg Mountain and th« white 
limestone due east of Furnace pond, aie also granite. In iaot, these 
foot-hills of granite, with apophyses reaching into the limestone, oooor 
along the Hamburg Mountain to a point nearly due east of MoAfee. 
At this point the blue limestone begins, and the granite ends. 
A great medial line of granite, mentioned as occnrring in the 
road north of Furnace pond, runs parallel to the strike of 
the white limestone and terminates in two precipitous hills, 
one north and one south of the road leading east from McAfee, and 
distant one-fourth of a mile from that place.* Another line of 
granite in the northwest border of the limestones first appears in the 
New Tork, Susquehanna and Western nulroad ont, one-half of a 
mile northwest of Hambui^. The granite in this cat is in contact 
with the sandstone, and appears to be fused to it. At least the union 
between the two rooks is so close that a specimen may be broken off, 
part of granite, part of sandstone. 

This line of granite runs nearly dae northeast, and again appears 
in contact with the sandstone jnst south of the Pochnok mine road, 
one mile northeast of Hambnrg. The same phenomenon is here 
repeated, and the sandstone is here overlaid by a slightly-changed 
bine limestone. 

From this point towards McAfee, the dyke, vr series of basses, is 
enormously developed, and the greater part of the two hills lying to 
the east of Pochnck mine is composed of it. The hill just back of the 
school-house at McAfee is especially to be noticed as consisting of 
granite. Between the White Rock Lime Company's quarries at 
McAfee and the high hill east of them, this same dyke is again 
enormously developed. Without specifying further, the foot-hills at 
the southeast flank of Pochuck Mountain are lai^ly made up of 
granite, and in one or two places quarries have been opened. 

My special studies have not included the belt north of Sand Hills, 
but from a drive over the country, aitei a long study of the belt be- 
tween Sterling Hill and Sand Hills, I observed the same succession of 
granite to a point a little above Amity, N. Y. I have by no means 

* This granite dyke does not begin at Franklin Fumnce quarry. It ia an ezteDsion 
of the great dykes and bosses which occur in the "Wild Cat" Bouthwest of the 
quarry, and which extend almost the whole length of Pimple HilU and even farther. 
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exhauated the localities at which granite occura, bat have simply in- ' 
dioated the lines along which are the greatest outcrops. So far as I 
know, there is not a single outcrop of white limestone which is not 
intimately associated with granite. 

Litholc^oally, the granite is extremely simple. The two principal 
minerals are quartz and orthoclase feldspar. The other minerals in 
the granite appear to be accessory rather than essential constitnents. ' 
In a personal letter from Dr. Gteo. H. Williams, in which h^ deecrihea 
a section of this granite from IfcAfee, he says : " Granite, with 
qoartz in ronnded grains, feldspar (orthoclase), with fine microper- 
thitic strncture, and & very little brown mica." This particuUr 
specimen (No. 1767), is from the limestone quarry by the roadside at 
McAfee, but microscopically it is not to be distingnished from the 
other outcrops save as they vary in coarseness. 

In many places this granite has distinct traces of foliation, and may 
on this account have been mistaken for a gneiss. The proofs of its 
eruptive origin are abundant. Aside from its general appearance, 
which indicates its igneous origin, its relationship to its assooiAted 
rocks is such as to settle the question beyond dispute. 

Fir^. It cuts obliquely across the line of the strike of the white 
limestone at Pranklin Furnace. 

Second. It has been proved by means of a diamond drill core at 
Franklin Fnrnace to be interlaminated irregularly with the lime- 
stones. 

Third. At its contact with the sandstone near Hambui^ the granite 
is not only knit closely to the sandstone, but at the Fochuck mine 
road it has fr^ments of sandstone and other rock imbedded in it. 

FourVi. When sandstone and limestone of the blue limestone forma- 
tion lie near the granite, graphite is more or less abundantly developed 
in both, and, in the sandstone, feldspar and mica crystals are numerous. 

At Hardistonville, Dr. Charles E. Beecher* found rect^izable 
species of trilobites in sandstone charged with graphite, and there 
were also fossils found in the limestone overlying the sandstone. 
Xear Franklin Furnace, I was so fortunate as to find a fragment of a 
trilobite in a sandstone containing graphite. 

Another locality is the Roseville mines, near Roseville pond (form- 

*!□ thia paper, when mention is made of foBaile being found ia these rocks, the 
Btatetnent is miule on the authority of Dr. Charles B. Beecher, who made the oeces- 
lar? field ezaniinations at the inilance of the writer. 
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eriy Lion pond), which is mentioDed by Profeeaor Sogers. In this 
locality both the sandstone and the overlying limestone, in addition to 
being changed, have much graphite present in them. 

Fifih, The contact phenomena are anmistabable. In the dyke at 
Franklin Fnrnace, there is a great abundance of fluorite, of a beau- 
tiful purple color, in the limestone, in contact with the granite, and 
near by, or within a few feet of it, it contains irregular blotches of 
chondrodite and crystals of green and brown tourmaline. 

Sixth. There has already been a partial reference to the changes 
which are induced upon rocks of proved Devonian ^e, or older, by 
the presence of granite in dykes or bosses.* The iact is, in this field, 
when a blue limestone lies near a granite dyke, it becomes materially 
changed, and passes, by a steady bnt rapid gradation, into a white 
crystalline limestone at the dyke. The localities at which this may 
be observed are Franklin Furnace, in the woods one-eighth of a mile 
southwest of hill 737 ; at Hardistonville, on the banks of a brook in 
front of Carpenter's hotel. There is also a locality near Sand Hills, 
east of McAfee, and near Wright's or Lion pond, at BoeevUIe. 

In theae places the evidence that the granite has changed the blue 
limestone to a graphitic white limestone, is most convincing. The 
question naturally arises, then, as to whether a hidden dyke of granite 
may not have occasioned the change from blue to white where there 
is no granite visible on the surface. Favorable evidence in support 
of this is found in the Pochuck mine tunnel, near McAfee, N. J. 
Here a tunnel is driven 250 feet, as an adit to the Pochuck hematite 
mine. In this tunnel granite is found abundantly in the white lime- 
stone, but it does not appear on the surface. It thus appears that 
whatever may be the age of the white limestone, the granite is 
younger than the limestone. 

Scapolite rock or "geflecter gabbro," next to the granite, is the 
most abundant rock of igneoos ori^n in the white limestone. In 
Norway, where first noted and described, it is known' as an "apatite 
bringer." In Canada, where it was recently found, it has been 
described by Lawson and Adams. 

In this region apatite, though present, is not abundant. 

*8ee Dr. Qeorge H. Williams: "Contact metamorpliiBin produced in the luljoiniog 
mica schists and limestones b; the aiBssive rocks of the Cortland series near Peeke- 
kill." Am, Jour. 8ci., III. series, vol. 36, p. 251. Prof. B. K. EmerBon : " Descrip- 
tion of the serits of metBmorphic Upper Devonian rocks." Am. Jour. 8ci., Oct. and 
Nov., ISM. 
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To show that tbie is undoubtedly tbe same as the Norwegian rock, 
I will again qaote from a personal letter from Dr. Williams, " No. 
1791 , York State Quarry, Radeville : ' Beautiful and typical scapo- 
lite rock ; white scapolite; green pleochroic hornblende; green non- 
pleochroic pyroxene ; red sphene.' " 

"No. 1792, same locality, same aa No. 1791, bnt oontains, in addi- 
tion, a little plagioclase {anorthite ?)." "Also Nos. 1772 and 1773." 
These last two numbers are from a quarry at McAfee. 

In the " York State Quarry," at Radeville, these eoapolite dykes 
are most perfectly exposed. The scapolite rook in this quarry, in the 
south end, lies in three distinct dykes, and is almost perfectly con- 
formable to the dip and strike of tlie limestone. The dykes are rather 
narrow, not exceeding four to six feet in width. If nothing else sug- 
gested their igneous origin, the feet that these three dykes unite into 
one great dyke, in the north end of the quarry, would si^$;est this 
idea most forcibly. In appearance the scapolite rock looks much like 
a hornblende feldspar rock, which is very common in the gnelBsic 
rocks of the Highlands. This resemblance is heightened by the per- 
fect foliation of the dykes and their apparent conformabilily to their 
host. This foliation is strikingly characteristio of these rocks, even 
when they occur as boulder-like masses included in the limestone. 
These facts are probably responsible for the frequently-repeated state- 
ment, " Tbe white limestones are everywhere interstratified with the 
gneisses and are conformable to them." 

There seems to be little doubt of the eruptive origin of these rocks, 
in part at least, and facts tending to prove this are easy to find. These 
rocks, though apparently conformable to their host, are not always so. 
As has already been stated, dykes of tkis rock coalesce in the " York 
State Quarry." The contact phenomena, while not as well marked aa 
in the case of the granites, are yet very prominent. The dykes, and 
especially the isolated boulder-like masses, are accompanied by a greafc 
quantity of fiuorite. 

On the underside of the dykes at Rudeville lai^ cavities are 
frequently filled with scapolite crystals of various sizes. These crystals 
appear to have been formed originally in the limestone which has sub- 
sequently been removed by solution. These same scapolite rocks 
occur in boulder-like masses as well as in dykes, a &ct which ha» 
already been alluded to. If one were not acquainted with their nature 
they would unhesitatingly be called water-worn boulders. The only 
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thing which first Bu^;eBts their having originated in miu is the dis- 
tinot reaction rim which surronnds them. This rim or shell is made 
up lai^ely of scales of dark mioa (species not determined), hornbloide 
and pyroxene. 

The rim is oAen marked by a sq;r^tioQ of graphite, which 
extends to a considerable depth in the mass. The masses are per- 
fectly rounded in form ; their mineral composition is identical with 
that of the dykes. They nsoally have, when coarse-textured, a dis- 
tinct foliation, and they invariably occur in the neighborhood of the 
dykes or of some other igneous rocks. 

The localities where fluorite is most intimately associated with the 
boaldeis and dykes, is at the "York State" qnarnes, at Rudeville, 
and the limestone quarries at McAfee. 

Tbwe are other boulder-lihe masses which occur in the limestone, 
more often of the nature of granite, and they consist lai^y of quartz 
and feldspar. These, however, are comparatively rare. 

There are numerous bunches in the limestone which are made up 
of an ill-defined variety of minerals, usually of a pale-green color, 
oontaining much calcite, and having no sharp, well-defined boun- 
daries. These are probably, as su^ested to me by Dr. Williams, 
^gr^ations or s^jr^ations from impurities originally contained 
in the limestones themselves. These latterare very abundant. They 
can be very easily accouuted for by supposing that the numerous 
oherty aodulee in the blue limestones have, during the process of 
metamorphism, taken lime and magnesia from the body of the rock, 
and the lime-magneeia silicates are the results. 

That there is a difference in or^in of these boulder-like masses, 
there can be no doubt The scapolite masses with, their fluorine 
minerals, sn^^ fnmarole action, just as the others suggest a 
metamorphic product from mixtures originally present in the lime- 
stone. 

There is yet another rock occurring, which is, no dou^ of 
igneous origin. It has not, that I know, any specific name. The 
rock consists almost wholly of pyroxene (diopside probably), and a 
dark mica which may be phlogopite. 

In three localities, widely separated, one on Mine Mountain near 
Mendham, one on Jenny Jump Mountain, and one on Scott's Moun- 
tain, the crystals of mica have been lai^ enough to suggest a possi- 
ble economic value, while the crystals of pyroxene have been found 
eight inches long. In the localities at McAfee, one east and one 
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vest of the railroad, the mica oonsiete in the main of fine scales 
«loeely bunched, while the pyroxene or diopside is in cryatalline 
masses, having a perfect resemblance to " shot ore," save, of oonise, 
SB to color and speoifio gravity. The proofs of the ernptive origin 
of these rocks is about the same as those of the other rooks, with 
this difference. The contact mineral in the limestones near this rock 
is almost wholly chondrodite.* 

The most striking illostration of this is foand one mile from 
McAfee, towards Hamburg, and on the west side of the road. The 
other locality is one mile due northeast of Franklin Fumaoe, in some 
old openings made in search of zinc. In this latter place, the bright- 
Teddish ohondrodite was mistaken for zinoite. The obondrodite 
occurs here in large masses, while at McAfee it is in the limestone in 
globular masses the size of a pea. 

UICA. DIABASE. 

This rock, so common in the white limestones, was described hf 
Prof. B. E. Emerson under the name of keraantite. The dyke 
described by Prof. Emerson was the lai^ one in the zinc mine at 
Eraukliu Furnaoe. Thia dyke cnta across the zinc and limestone at 
right angles to the strike. Its westward extension is found in the 
blue limestones and sandstones west of the mines ; the eastward, is 
foand abont a mile eastwux], near the foot of Hambui^ Mountain. 

Another dyke of this same rock, and at least equal in size, is found 
in the quarries at Rudeville. It is thirteen feet wide, has been 
exposed for one hundred and seventy-five feet in length and fif^y to 
seventy-five feet in height. It appears to have many branching 
dykes, though these may be independent ones. Beautiful, thin, ribbon- 
like tongues are forced through the limestone in every direction in the 
vicinity of the dyke. 

Dr. Williams' note on this is as follows : " No. 1795, great dyke 
at Rudeville ; mica diabase ; beautiful rock, but no longer quite 
fresh ; idiomorphio ; yellow and reddish pyroxene ; biotite ; abundant 
flphene ; apatite ; magnetite ; plagioclase considerably altered and filled 
with secondary chloritic matters." 

This rock is found in considerable abundance in the lime quarries 

* This mineral ma eiBmined and pronounced chondcodite by Prof. S. L. Penfield, 
<rf the Sheffield Scientific School, Yale UniTeroi^. 
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at McAfee. A great mass of the same coarse rock occurs aboat ooe 
mile Bontii of McAfee, toward Hamburg. It is dow more like granite 
in its nature and is probably a great dyke. 

The contact phenomena in the case of these rocks are not so prom- 
inent as in the case of the granites, gabbros and mica-pyroxene rock. 
Yet, at Rudeville, the course of the dyke is marked by an abundance 
of cbondrodite, brown, black and green tourmaline. Flaorite, though 
present, is not as abundant as near the scapolite rocks. Where it 
breaks through the sandstones at Franklin Furnace, and east and 
west of McAfee, the sandstones are graphitic. In the two prominent 
localities at McAfee the bine limestones are brecciated ; the interstices 
are filled with crystalline limestone, which is graphitic, and graphite 
is occasionally found in the blue limestone forming tlie breccia. It is- 
thus seen that the various igneous rocks hare a decided influence on 
the sandstone and limestone, and, in the matter of mineral alteration,, 
on the white limestones. 



As has already been intimated, gneisses are not certainly known in 
connection with white limestones. The gneisses reported to have been 
interstratified with the limestones have proved to be, so far as I have 
been able to identify localities cited, either " geflecter gabhro " or 
foliated granite. 

SANDSTONES AND IjUABTZITES. 

Both of these rocks are found intimately associated with the white 
limestones, and in a few places in actual contact with them. In every 
instance the white limestone covers the sandstone. The harder quartz- 
ites are nsnally either under the sandstones or are near the granite or 
other dykes, and they are certainly one and the same bed. 

In texture and mineral composition the sandstone of the white 
limestone is exactly the same as that found under the blue limestone. 
They are graphitic invariably when in contact with the white lime- 
stone, and often when under the blue. They have crystals of fresh- 
looking feldspar, probably orthoclase, and scales of white mica. 
They are often quite hard to distinguish from the granite. They 
are highly chained with pyrites. They are sometimes conglom- 
eratic, with lai^, irr^ular-shaped, but rounded pebbles of milky 
quartz. Hematite and limonite are found intimately associated with 
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the sandatoDcs and the limeetoaee in places. The moet noteworthy place 
is in front of the hotel at McAfee. ' The place is an exceedinglj inter- 
«Bting one from a geological standpoint, and will be referred to ^ain. 
Near b7, but east from McAfee, ib the Simpson mine, also inti- 
mately connected with the sandstone and limestone. 

THE BLUB AND WHITE LIMESTONES OP THIS BELT. 

Only a few words will be needed to point out the salient features of 
these rocks with reference to each other. The white limestones are not 
■everywhere white, highly crystalline or " sparry," and, on the other 
hand, the bine limestones are not everywhere non-crystalline and bine. 

The white limestones are not exclosively graphitic, for the blue 
limestones carry graphite as well, and, in addition, fossils. 

The white limestones range from a highly-crystalline form to a nek 
which is nothing more than a fine-grained, clouded bine marble, while 
the blue limestones range from an earthy non-crystalline to white or 
-cream-oolored marble, carrying graphite. White, slightly-changed 
limestones have bleached nodalea of a Sinty nature, nearly or quite 
ohanged to crystalline qiiartz. 

Id the undoubted blue limestones there are characteristically large 
nodules of flint, and often these flint nodules, apparently not changed, 
have scales of graphite enclosed in them. 

The white limestones have line-grained, banded, boulder-like masses 
■of limestone included in masses of ooarBely-oryetalline rock. The 
bine limestones are often brecciated, the breciua of all shades, accord- 
ing to location ; and the interstices are filled with crystalline limestone, 
and both breccia and interstitial matter carry graphite. 

The degree of crystallization in the white limestones depends upon 
proximity to an igneous rock, and this is carried to such an extent 
that a highly-crystalline white limestone changes to an undoubted 
blue at a distance from the igneous rook. The presence of graphite 
in foesiliferous sandstones and in the blue limestones likewise depends 
upon proximity to an igneous rock. 

From this brief but by no means exhaustive statement of facts, it 
will be seen that there is but one positively distinguishing fact that 
eeparates the white from the blue limestone, and that is the presence 
of eruptive rocks. That is, as the blue limestones approach the line 
of igneous activity, they drop tbdr distinguishing characteristics and 
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asaDine by degrees those of the white, and viae twrxo. It follows, then, 
that a oomprebeneive desoription of the white limestoaes will not and 
cannot ezolade the blae or mainiesian rook. 



AKBAKGEUENT OP THE WHITE AND OF THE BLTJE IJME8TDNE8> 

AND ACOOlfPANTING SANDSTONES WITH BEOABD TO 

DIPS AND STBIKB8. 

In order to bring the relations to these rocks to a point of more 
easy comprehension, fifWn sections have been prepared from th& 
more critical plaoee where there is slight possibility of mistaking- 
facts. These sections have not been drawn to scale vertically. The- 
horizontal distance is six inches equal one mile. 

Section I. is drawn dne sontheast through hill 750, one-half of a. 
mile south of Pochuck mine, and one-third of a mile sonth of Simp- 
son's mine, on hill 722.* 

The extreme northwest end of this section f is made up of a series of 
daty limestones, gritty limestones, moderately thick beds of lime- 
stone, and all underlaid by aapdstone. This sandstone appears to be 
oontinuooa to a point where it becomes more or lees graphitic, when it 
is found in the form of angalar blocks and mingled with blocks of 
white limestone, also graphitic. Farther to the east the white lime- 
stones are seen dipping to the southeast. The rocks are here so 
shattered and punctured by granite that it is difficult to make out th& 
dip definitely, but it is southeast. Crosung the Lehigh and Hudson 
railroad and the swamps, we come to the northwest slope of hill 722. 
Here the series of blue limestones and grits is repeated and beauti- 
fully exposed, dipping in the same direction — northwest. The white 
limestone lies to the east at a considerable distance from the sand- 
stone, which here is a hard quartzite. The white limestone comes- 
next towards the east, and dips southeast. 

It will here be seen that two hills with nearly parallel axes, and 
with their extreme flanks only one mile apart, are anticlinal in form 
and with the northwest flank of each of blue limestone, the southeast 
flank of white limstone and the axial ridges of graphitic sandstone. 

Section II. is taken one-half of a mile northeast of Section I., and 

*Theae flgnrcs are the &ltitiidee of hilk as given od the topographical mapB of the- 
Snrrej. Tha; constitute the readiest and most accurate points of reference, and thejr 
cut easily be found in the field with a map even without a barometer. 

f See plate of sections and map facing page 50 of this report. 
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is parallel to it. Hill 750 ia the same as io Section I. Eapecnal 
atteDtioD is directed to hill 722. It will be seen b7 referring to 
Section I., that the northwest slope of this hill in that section was of 
blue limestone. In Section II. it is white. If the sandstones in 
Section I. are continuoos to this point, then the limestones are also 
oontinuous, and the blae limestone has gone over to a white, unques- 
tionably. 

Section III. is taken about one-eighth of a mile northeast of Sec- 
tion II. 

The shape of this bill is coDtinuoos on the northwest, bat the blue 
limestone which is noticed on this slope in Sections I. and II. is in 
this section replaced by white limestone, in which granite and " gefleoter 
gabbro " are very prominent. 

It is hardly possible to determine the dip with any degree of satis- 
faction at this place, as the dips, owing to the extremely-distarbed 
nature of the rock, are nowhere constant. The prevailing dip is north- 
west, and about one-half of a mile to the northeast of this place there 
is an old mine-hole in which the dip is unmistakably to the northwest. 

Here, again, the outcrop is not oontinuous from the blue to the 
white. This mnch, however, is to be notioed : the usual dip of the 
blue limestone in Sections I. and II. is 30 to 45°, strike northeast. 
The last outerop before the white is reached is turned on its strike 
and the dip is nearly 80°. The,rock is also mnch shattered. I will 
leave these facts without comment, as their obvious tendency is quite 
plun. 

On the axial crest the sandstone is not present io beds, but is in 
angular blocks and is graphitic. 

On the southeast slope of this bill blue limestone is fonnd for the 
first time on the southeast slope of a hill in this locality. It is not in 
r^alarly-formed beds, but lies in irregular blocks on the slope of the 
' hill. It is underlaid by the sandstone before mentioned. The lime- 
stone is in places brecciated with white interstitial matter. 

The pebbles are Bomewfaat rounded and look as if molecnlar re- 
arrangement had been checked before a complete ohange from blue to 
white bad been effected. 

The comparatively slight depression between hill 750 and the bill 
east of it, is filled with granite and white limestone. The hill to the 
east consists very largely of granite, with an apparent azial crest of 
sandstone. 
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Seotion lY. The priDcipol poiot to be noticed in this section is 
that the fact is here demonstrated that the sandstone underlies the 
limestone. It will be recalled that mention has been made of nnmerons 
angular blocks of sandstone on the crests of the limestone ridges, and 
that they were suggestive of a bed of broken sandstone rather than 
of transported blocks. At the summit of the hill, jnst west of the 
valley, a large open out has been made in the east side of the hill in 
the search for iron ore. The opening is about fifly feet in depth and 
has been carried into the side of the hill for about the same distaooe. 
The cnt on the east face of the hill is first in white limestone dip- 
ping Bontheaflt. Dipping under this conformably is a coarse pyritif- 
erons conglomerate with beds of a fine-grained sandstone. The whole 
exposure is exceedingly hard and flinty. 

Along the crest of this hill, towards the south, there are scattered 
blocks of graphitic sandstone, and there is one locality where there is 
a huge mass of fresh-looking quartzite. It may be only a boulder, 
though. However that may be, there is sandstone underlying the 
white limestone on the steep eastern face of the hill. 

This hill is less than one-fourth of a mile south of the old on dock 
of the Pochack mine road, and less than one-half of a mile south of 
the cut just described. 

One-fourth of a mile east of this plaoe is a preoipitons hill, alluded 
to before aa lying east of the hotel at McAfee. This hill is very 
precipitous on its western face, but slopes more gently to the east. 
On the north side of the road is another hill of a less altitude by two 
hundred feet. Its general characteristics are the same as those of the 
hill in Section IV. 

The western slope of the hill east of McAfee consists principally 
of a fine-grained granite. Angular blocks of this, mingled with 
blocks of white limestone, lie at the foot of the hill. The limestone 
is generally very coarsely crystalline, graphitic, and, in places, chon- ■ 
drodite is abnndantly present. Near the north end of the hill, how- 
ever, in the face of the clifl", and wholly surrounded by coarsely- 
orystalline and graphitic limestone, are masses of breociated limestone, 
which, although not blue in color, are yet but slightly changed as to 
texture and color. It is a trae breccia, however, and their angular 
boundaries are readily distinguished. It contains only scattering 
flakes of graphite. 

Going to a point immediately above the cliff (about seventy-five 
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feet vertically), and a little below the crest of the hill, on the eastern 
slope, there is found a very strikii^ exposure of rooks. At the 
northern point of the hill the ground is well covered with large, 
angular fragments of a rather fine-grained, rotten sandstone. The 
blocks, if of moderate size, are stained to the depth of three inches 
by decompoeing pyrites. Graphite is present in the sandstone. No 
fossils were found here. In fact, but little time was spent searching 
for them, bnt there is little doabt but that they may be found here 
by an expert paleontologist. 

Lying on top of this sandstone is a graphitic, gritty limestone. 
It is brecciated, and the interstices are filled with crystalline 
limestone, as is usual. Apiong these blocks are larger blocks of 
almost pure limestone, save for the presence of lai^ nodules of 
chert or flint Some of the flint and the enclosing limestone is 
graphitic. Some of the flint seems to be slightly bleached by the 
driving off of organic matter, but the change has not gone far 
enough to crystallize it to any extent. 

Tracing this breccia along the line of strike, it invariably &Am into 
a white limestone and with granite not far from the line of change. 
The line cannot be traced continuously, on account of a thick under- 
brush. West of this line of breccia is white limestone and granite, to 
the east is blue limestone slightly dianged, and a gritty limestone and 
eaudstone beneath all. On the eastern face of this hUl, the place, in 
fact, that I have been describing, is the point where the blue lime- 
stones are cut out by the white, and the white limestone south of this 
fills the entire valley between Pochuck and Hamburg Mountains. 

In writing of this brecciated limestone, and of this most interest- 
ing locality, I find great difficulty in describing facts, that th^ may 
appeal to the ear in a measure as strongly as they do to the eye. On 
this account I have collected a suite of these transition rocks, aa I 
have called them, from this locality, as well as from several others, 
so that my observations may be verified without the trouble and 
expense of seeking them in the field.* But, however strongly these 
iacts, thus stated, appeal to one, when seen in the field they appeal with 
double force. And it seems to me that no one visiting this place 
with an unprejudiced mind, could go away doubting but that the 
sandstone which underlies the blue limestone, underlies the white 
also, and that here we see the Palseozoic blue limestone actually pass- 

*These specimens are now in the laboratory of the Survey. 
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ing into the ao-oalled Archean white limestones. When we reflect 
that this locality can be daplicated a dozen times, the probability 
seems to grade into abeolate certainty. This Iiill 622 seemB to he 
anticlinal in structure. In this light let ns examine more minutely 
hill 750, noted in Sectiona I., II., III. 

Section V. shows the Bonthern point of this bill as a section 
through its summit. The middle elevation of this section is a part 
of a ridge of sandstone which rises to the south to a considerable 
height. To the west of it is a hollow and still farther west is a 
gritty limestone with a layer of sandstone, and the crest of the hill 
is a slaty limestone with a bed of pure limestone. The dip of these 
rooks is unmistakably northwest. The sandstone also has a north- 
w^t dip. 

No more than fiily feet to the east of this sandstone is a large ont- 
crop of white limestone and granite, which enlai^es to the north. 
The limestone on either slope of this hill is traced to corresponding 
points in Section V. Here a sandstone dipping northwest is near by. 

Towards the summit of the hill the bedded sandstone is replaced by 
angular blocks, and on the crest of the hill is a small exposure of a 
flat-lying limestone. To the west of this are angular blocks of 
graphitic sandstone. Passing etill farther down the eastern slope of 
the hill, the bedded sandstone is found, still graphitic, but the dip 
cannot be determined. A little below this the brecciated blue lime- 
stone appears in great blocks, covering a greater part of the eastern 
slope, and then, farther down, these rocks are replaced by white lime- 
stone and granite. Section VI. is through a hiU just south of the 
Pochuck mine road. It is made to show the relations of the lime- 
stone, sandstone and the underlying granite. -The facts are unmis- 
takable, and they are duplicated in the railroad cut north of Ham- 
bni^. It is one-half of a mile south of the point where Section V. is 
taken and is evidently closely related to it. 

Sections VII. and VIII. represent either slope of hill 698, one and 
one-foorth miles north-northeast of Hardistonville. It is really the- 
south end of hill 722, shown in Sections I. and II., tlie north end of 
whidi is white limestone. On the northwest slope of this hill is a 
series of limestones and grits exactly similar to those noted in Section 
V. and just as beautifully exposed as are those in hill 750 in Sections 
I., II., III., IV. and V. 

Passing to the eastward, towards the crest of this hill, the same 
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angular blocks of graphitic sandBtODe, miDgled with hlocks of white 
Umestooe, are t^in found. Farther yet down the slope the white 
limestone is fonud in solid masses cat up hy great dykes and bosses of 
granite and "gefleeter gabbro." The granite has much fluorite in 
places, especially when in contact with the white limestone.* 

Section IX. shows the relation of this hill (698) to the hill just 
east of it (722), in the east side of which are the KudevlUe quarries. 

Leaving now the white limestones, which lie at the east foot of 
Fochuck Uonntain, the next section, X., is taken at Hardistonville 
across the brook in front of Carpenter's hotel. The white limestones 
now lie along the west foot of Hamburg Mountain. It will be 
noticed that in this section, on the northwest end, Di. Beecher found 
fossils in the unchanged blue limestone. Under this limestone is a 
fine-grained sandstone, which is filled with the remains of tritobites. 
There is also a noticeable amount of graphite present. In several 
specimens graphite is found n^ar the h^ of a triJobite, within one- 
eighth of an inch. In the same specimen there are two places that 
look very much as if graphite had partially replaced the shell of a 
trilobite. A lai^ granite dyke is near this sandstone, though no 
line of contact was found. There is present, however, a seam of 
almost pure graphite one to two inches thick. Dykes of mioa-diabaee 
as well as " gefleoter gabbro " are also present. 

There are also present confused masses of brecciated sandstone, 
blue limestone with white interstitial matter,' and all very highly 
graphitic The bine breccia is observed very abundantly on the north 
side of the brook. 

If it is borne in mind that this brook is here the dividing line 
between the white and blue limestone, the significance of the breccia 
will become apparent. The blue limestone breccia has thus far been 
characteristic of the boundary between the two white limestones, 
though there are exceptions to the rule. 

On the north aide of the brook white limestone comes out again in 
close proximity to the blue, and it is, as usual, mingled with grajiite 
and gabbro. In places near by, also, are limestones slightly changed, 
which are filled with grains ef sand, and with more or less graphite. 
This is also north of the brook, toward Rudeville. The line of 

•If thifl ridge is followed north to the " York State Quarry," a brecciated blue 
limeetone is found, Ijing on Che crest of the hill and on the west edge of the qaftrry. 
Blocks of graphitic aandatone are traced almost conlinuoualj between CheM points. 



itizedByGOOgle 



44 ANNUAL REPORT OF 

oontaet in thia section, north and soath, between the bine limestones 
and the white, or when they come close tc^^etber, reaohes from Fraok- 
lin Furnace to McAfee, a, distance of six miles.* Again referring to 
the seotion, we observe that the sandstone appears in unmistakable 
beds, dipping under the white limestone. 

Omitting for the present Section XI., attention is asked to Section 
XII. This section is taken thrse-fonrths of a mile south of Car- 
penter's hotel, at Hardistonville, and it passes throngh hill 720 near 
its southern point. It will be noticed that at the extreme northwest 
there is blue limestone underlaid by sandstone. This is the same out- 
crop noticed in Section X., and it can be traced almost continuously 
from that point to tliis. It is on the west side of the road, and is in 
line with the outcrops of sandstone and blue limestone at Franklin 
Fnrnaoe, so often referred to in New Jersey geological reports. 

Just across the road to the east there is a cultivated field. In this 
field there are numerous exposures o( granite and white limestone. 
Leaving this field and entering the nnderbrnah which covers the west 
slope of the hill, the same rocks crop out continuously. Nearthesum- 
mit of the hill the graphitic sandstone so often referred to crops oat 
and dips unmistakably under the white limestone. This sandstone is 
exposed for a distance of twenty-five to fifty feet to the north, and 
then disappears under the limestone. As it also appears under the 
same white limestone at the snmmit of the hill, fitby feet above, it 
would seem as if the sandstone was bent into an anticlinal fold. Cer- 
tainly it pitches under the limestone and dips to the southeast. Follow- 
ing this onterop into the cleared field at the south end of the hill, the 
whole of the southeast point of the hill is seen to consist largely of a 
hard, flinty quartzite. A few rods to the north of this section line 
nearly the whole hill is made up of granite. This granite is in places 
well foliated, so well foliated that it resembles a gneiss, but on aooount 
of its mineral compositioQ and field relations I cannot but believe it 
to be a true foliated granite. " Geflector gabbro " and mica-pyroxene 
rock are also abundantly found. 

Hill 724 has but few exposures, and these are of the usual kind. 

In the bed of the brook at the foot of hill 720 there is an outerop 
of nnohanged blue limestone. A few rods south of this there is white 

'The same breccia is oWrred in several places Id the road, going from this brook 
to Hamburg Monntain. One place la at the comer of the roada at HardistoiiTill^ 
the other is about one-half a mile east, in front of a small house. 
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limestone, and yet a little farther, by the roadside, a boss of granite. 
Following the outcrop of sandatoae and blue limtistone along the west 
side of the road to Franklin Faraaoe, Section XIII. is taken across a 
triangular lot between two roads (Hie mile north of Franklin Furnace 
station. There are two very strong pointe to be noticed in this sec- 
tion. First, there is the bine limeetone on the northwest, underlaid by 
a fossiliferoos and grapbitic sandstone. A short distance to the east is 
granite and whit« limestone. This is succeeded by low, swampy gronnd, 
when no rocks are visible. Then comes the south end of hill 737. 
Here is the second point to which attention is directed, The western 
&oe is principally granite. In contact with this granite on the eastern 
face is a graphitic, highlyorystalline white limestone. ' Passing etill 
to the east, within a distance of seventy-five feet, this white limestone 
has changed to an unmistakable blue, also dipping southeast. The 
change is gradual but rapid. 

This is the northern point of the "A" (of blue limestone) brfore 
referred to, and it can be followed in an almost unbroken line to the* 
fossil locality, north of Furnace pond.* 

On the same section line and still &rtber east, is the southern apnr 
of hill 724. This consists of white limestone intermingled with 
granite and " geflecter gabbro." Yet farther east are the gneisses of 
Hambarg Mountain. 

Section XXV. is an especially important one. On the northwest 
are the usual limestones and sandstones, here resting on the nptnmed 
edges of the Franklin gneiss. Across this gneiss to the east is white 
limestone, and a thin bed of magnetite, which rests on granite and 
not on gneiss. This is shown in openings in the magnetite veins and 
in the tunnel which leads into the zinc mine. White limestone suc- 
ceeds this, and then the well-known zinc-bed, here thirty-five feet 
thick. On top of this is a heavy bed of white limestone dipping 
southeast. 

A little east of this, and by the roadside, is a large outcrop of 
sandstone having lai^ fiakes of mica and crystals of feldspar 
developed in it near the point of contact with a trap-dyke. There is 
also much fiuorite present. Through the kindness of Mr. W. W. 
Pierce, superintendent of the works at Franklin Furnace, this sand- 

" See accompan7liig G^logic&t m&p facing page 60. Though the boundaiy line is 
sharply drawn on the map, from this point to Furnace pond the blue and the white 
limeeCone grade into each other. 
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atone was nnoovered, tbne showing ite relatioos to the limeetoae. 
ThiB excavating showed the sandstone going under the limestone with 
a northwest dip. This shows conclusively that the limestone is here 
bent into a synclinal fold, and is probably independent of the fold in 
the zinc mine. 

Passing up the slope of this hill and to the east, white limestone 
and granite are found either on the section line or at no great distance 
from it. In the road across the north end of Furnace pond the white 
limestone dips southeast. 

The next slope to the east of this is in the old furnace quarry, and 
is in the blue limestone. In this quarry fossils belonging to the 
Obolella fauna are found in a limestone which also carries graphite. "* 

This limestone dips northwest, and a little farther to the east dips 
southeast, thus showing an nndoabted anticlinal fold. Following 
east across the strike of this outorop, white limestone with granit« 
and " geflecter gabbro " lies in a foot-hill next to Hamburg Mountain. 
Returning to the furnace quarry, where the fossils were found, and 
following along the line of strike for one-fourth of a mile in the 
back road (so-called) to Ogdensburg, is a point where within thirty 
to fifty feet the extreme phases of the two limestones are foand ; the 
crystalline white on the one side and the unchanged blue on the other. 
Between the two extremes is a perfect series of grading.f 

This line followed along leads to a similar gradation series men- 
tioned in Section XIII. 

Section XIV. proves beyond all reasonable doubt three strong 
points : First, the sandstone here is associated with the limestone and 
probably underlies it. It is, no doubt, the same as the sandstone in 
hill 720 (Section XII.), but in Section XII. the dip is southeast, while 
in this section it is northwest. Second, there is a gradual passage from 
the highly-crystalline white to the uncrystelline fossiliferous blue. 
Third, the white limestones are proved to lie in antidinals and the 
blue limestones, bounded, on either flank by white, lie also in an 
anticlinal fold, the northwest dip passing along its line of strike from 
blue into a white limestone. 

As to the dip of these blue limestones, hardly any of the older 

* Orapbito ia neither abundant in this formation nor ia it easily seen. The strong point 
IB made, howevar, that the graphite proves tha limestone to be highly metamorphic, 
and the presence of fossils proves its palaeozoic age. The probability of a greatar 
metamorphic action ia thus greatly strengthened, 

fThia point coDviuced Dr. Beecher that the two limestones are the same. 
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geologists agree, judging by their sections. The reason is asBamed to 
be that the jointing, which is here perfectly developed, nukeB it 
■exceedingly difficult to get the true dip without great care. 

Section XV. is drawn one mile south of the last, and passes through 
iill 689, just east of the Wallkill river. 

The whole of the eastern slope of hill 743, along the foot of which 
runs the New York, Susquehanna and Western railroad, consists of 
white limestone, granite, " geflecter gabbro " in dykes and in bonlder- 
like masses in the limestone. 

The white limestone ceases suddenly at the Wallkill river, where 
iihere is a great outcrop of granite. On the east side of the river, and 
near its bimk, is a slaty bine limestone dipping steeply northwest. In 
.Munson's grove, a little east of this, and on the eastern slope of the 
hill, the blue limestone dips southeast against the foot of Hambui^ 
Mountain. 

It will thus be seen that the anticlinal of blue limestone in hill 689, 
though not continuims with the one in Section XIV., is probably the 
«ame, and that on the northwest slope the blue limestone in Section 
XrV. is replaced by white. 

This makes the fifth locality where this fact is plainly observed, 
and it seems unreasonable to assume any other explanation than that 
the white limestone is the metamorphosed blue. This is the last sec- 
tion that I have studied in the Franklin belt. The reason is lack of 
time during this season and the fact that the exposures in other locali- 
ties were more meager and not eo striking as in the belt between Sand 
Hills and Sterling Hill. To the westward of hill 743, Section XV., 
lie the Pimple Hills, upon the west flank of which lie the blue lime- 
stones, with underlying sandstone occasionally exposed. Along this 
£ank are several isolated patches of white limestone, in one of which 
Are the well-known Andover mines of magnetite and hematite mixed 
with ores of lead and zinc. In the valleys or goi^es of these hills are 
isolated patches of white limestone, always accompanied by great out- 
pours of granite and other eruptive rooks. The same is true of the 
white limestone on the bordering bine limestone. There are also great 
and violent disturbances in the gneisses, and scattered about in places 
are abnndance of angular blocks of sandstone, in every instance highly 
graphitic 

There is one more section (XI.) aboat one mile north of McAfee to 
which I wish to direct attention. 

In this section the gneisses of Foohuok Mountain lie to the extreme 
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northwest. Resting f^inst the eastern flank ia bill 748. It consists^ 
as usual, of granite, " geflecter gabbro " and trap. White limeetone is 
also present, but not abuodaotly. The dip of the white limestone is 
here west, 30° north. Going eastward, after orossiag the road to- 
McAfee, there is a remarkable hill of granite with very little white 
limestone. Following the breok which crosses the roaid at this point 
toward Black creek, we note that it passes the greater part of the 
distance over white limestone and granite. One-fourth of a mile 
from Black creek it cuts across the strike of the stfiep hilla north and 
south of it and falls over a ledge of white limestone to the level of 
the swamp. South of the brook is a bill which consists largely of 
white limestone. It may be said here that this is close to the bound- 
ary line between the white and the blue limestone, as indicated on the 
geological map. 

The hill north of the brook is far different. Banning at the level 
of the brook is a ledge of highly-orystalline white limestone chai^ett 
with graphite. Going np to the hill to the northeast we note the fol- 
lowing changes : — 'First, the white limestone ; second, a white lime- 
stone net 80 highly crystalline and with the graphite in oocaeionat 
scales, but generally in blackish or dark-gray clots ; third, a marble-like 
rock with no graphite scales, but dark-clouded, irr^ular bands ; fourth, 
a limestone with slight traces of alteration ; Sfth, a wholly-unchanged, 
blue, slaty limestone. These changes take plaoe within a distance 
measiu^d on the slope of less than one hundred feet. On the summit 
and on the eastern slope of the hill to the marsh level is the unchanged, 
blue, slaty limestone dipping north, 30° east. 

This remarkable series of gradations can be traced for a long dis- 
tance at the foot of the western slope of the hill. 

About five hundred feet to the west of the foot of the bill are 
numerous angular blocks of graphitic sandstone. No dip or strike 
can be made out. 

The dip of the white limestone is the same as that of the overlying 
blue limestone. In short, the white limestone, while grading into the 
blue limestone above, passes conformably under it. The probability 
is that the sandstone before referred to is the broken edges of a bed 
that passes under the limestones. Across Black creek the blue lime- 
stones underlaid by sandstone dip in the northwest quadrant. 

This finishes the belt to which special study has been directed the 
past summer, but I wish to call attention briefly to two other locali- 
ties of white limestone — one at Cranberry reservoir, on the Sussex 
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nulroad, and the otber near Oxford Furnace. The white limestones 
near Oranberiy reservoir are accompanied, as usual, by granite and* 
" gedecter gabbro." The gabbro here has been mistaken for gneiss. 
There is so mnch of this rock injected into the limestone that the Fur- 
nace company at Stanhope gave up working it for flux at their fur- 
nace. No sandstone is seen here in connection with the limestone. 

The locality et Oxford Furnace is especially interesting for several 
reasons. 

At the iron mines to the east are numerous dykes of granite and 
mica-pyrozeoe rock. Here the limestooe is highly crystallized ; con- 
tains manganese, graphite and scales of mica. This passes to the west 
into a less crystalline limestone, gray in color, arid jointed like a blue 
limestone. No eruptive rocks, save trap, are visible, and there is a 
small bed of zinc sulphide in the limestone. This sulphide has, how- 
ever, numerous small scales of mica and a green mineral resembling 
willemite. This comes in such small and poorly-formed crystals that 
they caunot with certainty be determioed. The whole aspect of the 
place points to the supposition that here we have the be^ning-of the 
metamorphism of a zinc sulphide and that Frauklin Furnace is the 
final sti^ of metamorphio action.* 

CONCLUSIONS. 

The conclusions at which I have arrived from the study of the 
localities which I have described, and from other localities as well, 
are as follows : First, the white limestones of Sussex and Warren 
counties are of Posb-Archeau age. Second, the white and the blue 
limestones belong to a synchronous horizon. Third, that this horizon 
is the horizon of the Olenellns &una. This last conclusion is based 
on the authority of Dr. Charles E. Beecher, Though I was convinced 
diat the limestones and sandstones of this group would prove to be 
fossiliferouB, I supposed that, should fossils be found, they would con- 
firm the opinion of other geologists that these rocks were of Potsdam 
and Lower Silurian age respectively. 

The extent of these conclusions is more far-reaching than is at first 
sight apparent. First, it demands that a careful search be made for 
fossils in the whole belt, or rather belts of limestones, sandstones, 

*The presence of manganae wu proved by a chemical teat 
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slates and shalee hitherto called and r^;arded as Potsdam, Trenton 
and-Hudson river. The result may prove the existence of a great 
horizon of rocks in New Jersey, New York and Pennsylvania hitherto 
unsnepected and may also throw much light on the question as to the 
position of the Green Pond Mountain rocks. Second, and this point 
poseeBses for me a far greater interest than the first, in this belt are 
rocks, limeetones, sandstones, slates and iron and zinc ores in every 
degree of metamorphism. The belt is penetrated by various kinds 
of igneous rocks, and the petrography and chemistry of rocks and 
minerals in every stage of metamorphism, induced by pressure and 
heat, can be traced out and its history deciphered to its minutest 
details. It is rare tb find rocks of known geol(^cal age in which 
such favorable conditions exist. The histories thus elaborated can be 
used most advant^eously in deciphering other localities whose history 
is written in less legible characters. 
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IRON MINES. 

NOTES ON THE ACTIVE IRON MINES. 



PRANK L. NA80N. 



No special work on the iron mines has been done since 1886. In 
view of the fact that the iron industiy seemed to be looking up, it 
was thoQght that a survey of the mining reeouroes of the State 
would prove nseful. Accordingly the work was b^uu in October. 
The objects of the survey were as follows : 

First. Collecting mining statistics relative to the status of the 
mining industry. 

Second. Collecting suites of spedmeus of ores and rocks; and — 

Third. The Btudy of the mine rocke, the country rocks and the 
relations of these to each other, and to the iron ore proper. 

To the first two no special attention need be directed, as a stndy of 
the appended notes will amply explain them. 

With regard to the third, special attention is directed, since it is 
believed that on the careful study of this topic hangs the futare 
«f successful iron-mining in this State. 

The important facts to be noted in this connection in the appended 
report are, first, the fact that the mine rock,so-called, is actually distinct 
and easily distinguishable from the country rock. 

This point being carefully borne in mind, it may be well to ask if 
it is not possible that some of the mines in the State considered 
"ezbansted" may not be capable of further development. Especially 
should this question be considered when the ore has pinched out, 
whether by rolls in foot or hanging-walls, or by the coming down of 
the cap rock. 

Seeond. It has become firmly established in my mind that the 
country rook of the great iron mines of our State is constant, and 
oan be properly classified as the iron-ore carrier. It is also firmly 

(51) 
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believed that thia country rock is sharply divided from the " vein " 
matter of mines, the term " vein " including the ore and associated mine 
rock. This statement was made in the Anonal Report for 1889, aod 
it has been confirmed by closer study during the curreDt year. 

The estent of the country rock proper is described io that report, 
p. 30, under the head " Type I., Mount Hope." For a descriptioa 
of the geograpical position and extent of these locke, see Annual 
Report State Geologist, for 1889, p. 35, et aeq. 

It is believed that a careful study and comparison of these mine 
rocks vith the country rock, will result in much practical good. 

Anotiier thing of great importance is careful surveys and records 
of mines. These, if preserved, often give much valuable informa- 
tion, which the abandoning of a mine cuts off. 

I have here to tender my cordial thanks to mine-owners and superin- 
tendents, for information and for personal courtesies in being allowed to 
inspect the practical working of their respective mAies. Without 
this kind assistance, much of the data herein given would have been 
impossible to obtain. 



SHOEMAKER MINING AND MANUPACTUBING COMPANY. 
Office : Belvidere, N. J. 

The mine is two miles south of Belvidere, on Buckhom creek. This 
mine is owned by Edward Shoemaker, and is leased of him by the 
above company. 

The ore produced is known to the trade as brown hematite. It is 
noQ-bessemer and runs about 45 per cent, metallic iron. 

In mining, very^little powder is used, the ore being soft enough to 
be removed by pick and shovel. Occasionally large lumps of ore 
have to be broken by powder. As the ore occurs in such a soft form 
it has to be mined in galleries that are closed on the sides, top and 
bottom. It is drained by a tunnel three hundred and fifty feet long 
to its present depth of sixty feet. The dip of the ore-body is southeast-, 
with a strike to the northeast. The width of the vein varies from four 
to twelve feet. 

The ore is w&ehed^by a log washer, as it is taken from the mines, to 
free it from the day, sand and other dirt which occur with it. 

Some very interesting geological features are disclosed by the 
tunnel. Unfortunately it was not possible to eater the tunnel ia 
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October (1890), and the followiag notes were gained from Mr, James 
Arthur and from the debris thrown from the tunnel. As was before 
stated, the tunnel ia three hundred and QHy feet long. The first 
thirtj-five feet oonsist of a dark-green talcose slate, three hundred 
feet of a light, buff-colored clay slate ; a flinty mass, probably qoarlzite, 
three to twelve feet ; then the ore-body proper, A body of very white 
day forms the hanging-wall. The mine was opened in 1888. 



PRITT8 MISB. 

Owned by George Fritts. 

This mine adjoins the Shoemaker mine on the northeast. There 
was very little being done at the mine (October, 1890). There is no 
apparent reason why it should not be as profitable as the Shoemaker, 



B08EBBBBY MINE 

Is about one mile northeast of th^ two miaes, and is on the same 
line of strike. It is not worked at the present time, though much 
money has been spent in exploration. 



LINCOLN BBS8EUEB ORE COMPANY. 

Mr. Kaiser. Hazen P. 0., Owner. 
T. P. Marshall, Secretary aod Treasurer, Trenton. 

This mine is not in operation at the present time (October, 1890), 
but it is intended to start in about three weeks from the given date. 
The body of ore in the mine is eleven feet thick from foot to hang- 
ing-wall. About five feet of this is pure ore. The remainder of 
the vein being too lean to work profitably, a separating plant is to 
he put up for the purpose of concentrating the ores. For this pur- 
pose they will use a Carter ore separator and concentrator. This 
machine uses hor^e-shoe magnets instead of the more common electro- 
magnets. It is proposed to concentrate to a 65 per cent. ore. 

They expect to employ about forty men. With this force it ia 
calculated that they will be able to put out three hundred and fifiy 
tone the first month, and to gradually increase the output. 
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SHARON ORE COlfPANY. 
P. C. Queen, Owner. 



This is one of three minefl located on the same deposit, and one 
and ooe-half miles nortfaTrest of Oxford Furnace. 

The Queen mine ia operated by the Sharon Ore CompaDj. A 

one hundred and ten horse-power boiler furnishes steam for two 

. hoisting engines, pumps and two large log washers. The ore aver- 

^es 57.65 per cent, metallic iron. It is noD-bessemer, and is naed at 

the Durham Furnaces, Rieglesville, Pa. 

The ore is a strong mixture of hematite, red and brown, and of 
magnetite (?). 

The mine was re-opened July 17th, 1889. 

FELLOWS MINE. 
R. C. FellowB, Owner and Operator, 

This mine adjoins the Queen mine and is a part of the same' 
deposit of ore. 

A sixty horse-power boiler furnishes steam for a hoisting engine 
and pumps. 

The ore is shipped to Peqaest Furnace, and is said to run as high 
as 60 per cent. metalUo iroD. This mine was also re-opened in 1889'. 



OHAMPION STEEL OBE COMPANY. 
G. Riddle, Owner. 

This mine is situated on the same outcrop as above, probably, ani) 
is located just east of the Queen and Fellows mines. 

The company is at present engaged in sinking a shaft. Work wa» 
begun in October, 1890. 

BAUB MINE. 
American Zinc and Iron Company, Operators. 

No ore has yet been raised. The company is now sinking a shaf^ 
near the old mine. There are only three men at work at present. 
The ore is to be concentrated. It is expected to get a bessemer ore. 
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OXFORD IBOH AND KAIL OOMPAUY. 
Ownere and Operators of the Oxford Uinea. 

There are two miaee od this property, which are now active, tiie 
Washington mine and Slope No. 3. The greater part of the ore 
mined is used at the company's furnaces. Some of the Washington 
ore, though, is sold to the Thomas Iron Company. The ores of both 
mines are non-bessemer. The ore from the Washington mine has 
sniphnr in additioD, and has to be roasted. This roasting is done in 
a Taylor gaa roaster, one set near the mines and another near the 
furnace. A Blake crusher is used to break the ore for the roasters. 
Both of these mines have been worked almost continuously for one 
hundred years. Slope No. 3 is five hundred and sixty-five feet deep ; 
Washington mine, fonr hundred and ninety. 

The Washington mine and Slopes 1, 2, 3 and 4 are all parallel to 
each other, and lie nearly east and west. The dip is towards the 
south, about 46°, with a pitch to the east. In this respect these 
mines are almost uniqne, for the general direction of the dip and pitch 
of the magnetite ore deposits is southwest and northeast respectively. 

The foot and hanging-walls of the Washington mine seem to con- 
sist mainly of a coarse feldspar and quartz rook, which has crystals of 
allanite enclosed. Hornblende or pyroxene is also present in small 
masses, and scales of hiotite. The rock is very ooaise. In places, 
ms^etite is so much mingled with the rock, with quartz especially, 
that there has been some talk of concentrating by a m^netio separator. 

The "spar" rock, as it is called, also comes into the ore-body 
proper. At times these horses completely fill the vein. At the 
extreme east end of the mine there is so much of the rock present 
that the vein is no more than three feet in width, although not one 
bnndred feet to the west, the vein is twenty-seven feet wide from foot 
to hanging-wall. The rock is very treacherous, as it seems to decom- 
pose readily. 

Slope No. 3 has comparatively little of this rock and its ores are 
far less sulphurons. 

From the nature of the rook itself, as well as from its occurrence, 
there is little donbt but that it is an injected mass, and really has 
nothing to do with the country rock in general. The country rock of 
this mine is the Mount Hope type of rock, described in the Geological 
S^tort for 1889. The Mount Hope rook is found in the other mines, 
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aod from the cloee relatioDship of these miiie8(Wa8hiDgtoD and Slope 
No. 3) it is safe to SAsame that their general characterifltics are the 



KISHPAnGH MINE, 

Ario Pardee, Owner and Operator. 

After lying idle for a number of years, this mine is to be re-openecl. 
Work was b^un in Jannary, 1890. The plan is to sink a vertical 
shaft about four hundred feet, and then drive to the vein. The shaft 
in October, 1890, was down two hundred and forty feet. 

There ate employed twenty-five men. They have one hoisting cmd 
one pumping engine. One Rand air-drill and compressor is used. 

HUDE MINE. 

Dickerson and Succasunna Mining Co., Owners. 
Leased by A, Pardee. 

Started in April, 1890, after being idle since 1883, The ore, mag- 
netite, is low in phosphorns and sulphur. It is used at the Stanhope 
Furnace. 

The metallic iron runs from 45 per cent, up ; this is about the 
average, however. 

There ia an eighty horse-power engine for the purpose of supply- 
ing condensed air for the drills. The mine is very dry, as it is wholly 
above water level. An adit is driven in about two hundred feet, 
and has intersected three shoots of ore thus far. The mine is known 
as a saddle-back among miners. In reality it is an antioline. The 
strike is nearly north and south ; the dips lie in the northeast and 
the northwest quadrants. The ore comes in short, irr^ular shoots or 
bunches, and is often faulted in a succession of short steps downward. 
The country rock of the mine is Mount Hope rock, or nu^netite 
gneiss, but there are other rocks in the mine. One rock is of a 
coarse, syenitic nature, and is probably eruptive. Near this rock, in 
one of the ore shoots, is a great quantity of molybdenite. This min- 
eral is usually oonAned to the homblendic rock, but it sometimes 
impregnates the ore. The ore in one shoot carries as high as 1 per 
cent, of molybdenite. Molybdic acid is also present. The mineral is 
found chiefly in one shoot and close to the syenitic rock. Iron pyrites 
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occur with the molybdenite, and also with the ores. In the workable 
ores, sulphur varies from 1.5 to 2.5 per cent. 



HURDTOWN OB HURD MINES. • 

Hurd Heirs, Owners. 
Glen don Iron Company, Operators. 

This mine was idle for about six weeks duriDg the present summer 
(1890), on account of the expiration of the old lease. The mine is 
at present down 3,625 feet on the slope. At this depth it had reached 
the old line of the Hard estate, and it is now being worked under a 
new lease on an adjoining property. Work was resumed November 
4th, 1890. 

The ore is shipped to the Glendon Iron Company's farnacee, near 
Eaeton, Pa. Rand drills are used. Two compressors furnish air for 
the drills and for the mine pnmps. Two boilers, a one hundred and 
twenty and a sixty horse-power, furnish steam. 

The mine is 3,625 feet, on the northeast slope ; and a pitch of about 
30°. The vein stands nearly vertical, bnt has a sl^ht underlay 
to the southeast. The country rock of this mine is Monnt 
Hope. The walls are very hard and solid usually, and so need very 
little timbering, in spite of the size of the vein. There are very few 
offsets, and these are of slight extent save where the mine was first 
broken in two by the vertictfl fault noticed in the " Geoli^y of New 
Jersey," 1868. 

The long, straight pitch of this ore shoot could almost have been 
predicted from the contour of the country, and if the vein does not 
become exhausted, it will probably run at least half as far again before 
it will be seriously disturbed by a fault. The average width of the 
mine is twenty feet from foot to hanging-wall, and it is thirty-six 
feet from cap to bottom rock. 

The ores of this mine are of rare purity and beauty. They have 
veiy little sulphur, but unfortunately they run too high in phosphorus 
for a bessemer ore. They are very free from rock. In fact, there is 
comparatively little mine rock. The mine has been worked more or 
less for eighty years. The lease which just expired began in 1875, 
since which time the mine has been worked continuously. • 
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LOWEB WELDON MINE. 

Weldon Mining Compaay, Owners. 
Goplay IrOD Company, Operators. 

The ore is magoetio, DOD-bessemer aod carries aboat 1 per t^nt. of 
eulphur. It is used entirely by the Coplay furnaces, at Coplay, Pa. 
The mine is at present 360 feet deep. The shoot is very regular ; 
pitches to the northeast, aod dips southeast at an angle of 60°. 
The ore is beaatifally iDterbanded with a rock. This rook is differ- 
ent from the country rock, and is foliated with thin micaceous part- 
ings. The bed proper is about six or eight feet thiok, and carries 
aboQt three feet of clean ore. The ore is generally shotty, but is- 
occaeioBally compact. Much of the ore is too lean to work, but on 
account of its friable nature it could be very easily concentrated. Two- 
hoisting engines and one Rand compresaor (for the Rand drills) are- 
used. A three-inch pipe is enffident to drdn the mine. I^ven this- 
is not run all of the time, as the mine is very dry. The oonntry 
rock, which is of the Mount Hope type, has a little more biotite and 
hornblende than is usual, and it seems to be very firm, so that the- 
mines are safe. 

UPPEB WELDON MINE. 

Leonard Elliott, Owner. 
Bichard HeokBcher &■ Sona, Operators. 

The ore, which is magnetite and non-beesemer, is consumed at the 
Swede Furnace, near Philadelphia, Pennsylvania. The mine, afler 
being closed for some time, was re-opened in January, 1888. The ore 
shoots, as usual, pitch to the northeast and dip to the southeast 50". 
The average width from foot to hanging-wall is about five feet of solid 
ore. The ore is banded and occurs in the same manner as in the 
Lower Weldon. The country rook and the mine rock are also the 
same as at the Lower Weldon. 

There are at the mine three sixty horse-power boilers, which drive 
IngersoU drills and compressor ; one Welling pumping engine, one 
pumping engine and hoisting machine. The company is at present 
engaged in putting up concentrating works. The object is to remove 
the phosphorus from the rich ores and to concentrate the lean ores. 
The object is to make the whole output a bessemer ore. For thiS' 
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purpose they will employ Lovett, Tinny & Compaoy's electro-magaetio 
separators. They use the wet process. The capacity is estimated at 
one hundrecl tons per day ooncetitrates. 



DICEEBSON MINE, FEBBO HONTE. 

DickerBon and Suooasunna Mining Company, Owners. 

A. Pardee, Operator. 

The ores are magnetic and non-bessemer. A great deal of the ore- 
from this mine is highly magnetipolar. The ores which possess this- 
property are very fine-grained and compact, and are usually very pure. 
The ores are used at the Musconeteong Iron Works, 75 per cent.; the 
balftoce goes to Pennsylvania furnaces. They run from 66 to 6 1 per 
cent, metallic iron. This percentage is based on ores from the main, 
shoot of the mine. In what is known as the "Cow-belly " vdn^ 
which lies in the foot-wall, the ores are much leaner on the one hand 
and mnch higher in phosphorus on the other, the phosphorus her^ 
running as high as 2 per cent. 

The width of the shoot of ore in this mine varies from ten to- 
eighteen feet, with an average of sixteen. The distance from cap ta 
bottom ranges from one hondred to three hundred feet. The strike of 
the vein is due northeast ; dtps southeast at an angle of 55° and up- 
wards ; pitches to the northeast at an angle of 63°. The mine is now 
one thousand two hundred feet deep, or three hundred and forty feet 
below sea level, reckoning by the contours on the topographical sheets. 
At this depth the body of ore does not seem to be as lai^ as at first ;. 
the ores contain more rock and are more difficult to cob. The mine 
rock is a banded, foliated rock, consisting principally of feldspar,, 
mica (biotite) and hornblende. It is usually fine-grained. It is very 
free from quartz. In the foot-wall, rock and ore are interbanded. 
In the hanging- wall the ore clings tightly to the wall rock, and the 
blasts tear out rock and ore, leaving a rough wall. 

The country rook, both foot and hanging, is very firm, and so tim- 
bering is not so great a task as it would otherwise be. The great^ 
width and depth of the vein, however, make the ase of lai^e-sized 
timbers neceesary, and it requires no little skill in placing them to the- 
best advantage. 

The adit to the mine at the present time is through a large vertical 
shaft ei^t hundred feet deep. This shaft is divided into two compart~ 
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mPDts. In ODe is a cage, with safety grip9, capable of lowering tea 
meD at a time. Id this compartment, also, in the pump-rod. The 
adjoiniog compartment is ased exclusively for the hoistiog of ores 
and the lowering of timber and other materials. There are numerous 
-ofFsels in the mine which throw the body of ore into the hanging- 
wall. There are also numerous rolls and pinches where the ore-body 
is much reduced. 

HURD, HA3VEY AKD NEW STERLING. 

New Jersey Iron Mining Company, Owners and Operators. 

The Hurd and Harvey mines are at oppo^te ends of the same 
ore shoot. The strike is northeast-southwest. The two mines open 
into each other. The ores are magnetic and non-bessemer, but they 
are almost wholly free from sulphur. 

The slope of the mines is 42° to 46° to the southeast. From cap 
to bottom rock the distance varies from one hundred to one hundred 
and thirty feet. The width from foot to hanging-wall is eighteen 
to twenty-five feet. This is the width of the shoot, but it is not all 
ore } there is considerable of a banded foliated rock, which occurs 
interbanded with the ore. This rock is wholly different from the 
country rock, which is of the Mount Hope type. The pitch of the 
rock is to the northeast. There are offsets noticed in these mines 
also, as well as in the Dickerson, Baker, New Sterling, &c,, and the 
ore is thrown in the hanging-wall. The New Sterling is supposed 
to be opened on the old Irondale shoot, where the Old Sterling 
mine was located. The New Sterling was opened in February, 
1890. It is six hundred feet on the slope. The Hurd and Harvey 
are about five hundred. The ores are shipped to Pennsylvania 
furnaces. 

ORCHARD MINE. 

J. Couper Lord Estate, Owners and Operators. 

This mine has been worked continuously for forty years. It pro- 
duces a magnetic, non-besEemer ore, and gives about 58.70 
metallic iron. The ores are sold to various PennsylvaDia furnaces. 

Boilers of two hundred and fifty horse-power furnish steam for the 
pumps and hoisting engines, and for the compressors for the power- 
■drills (IngersoU). The mine is at present seven hundred feet deep 
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on the slope, aod is about one thouBand feet long. The dip is south- 
east, and pitch northeast, as usual. The mine rock is the same a» 
other veins. The country rock ie Mount Hope also. 



MOCKT PLEASANT MINE. 

J. Couper Lord Estate, Owners. 

Operated by the Mount Pleasant Mining Co. 

This 18 a magnetic, non-bessemer ore, though the percentage of 
phosphoros is very low. The shipments of ores average 64 per cent, 
metallic iron. The ores are shipped largely to Fenosylvania furnaces. 
This mine has been worked almost continuously for nearly one hun- 
dred years. It is now seven hundred feet deep, and is three thousand 
feet in length. It pitches to the northeast, with a southeast dip. The 
ore-body is much disturbed by oflkets, which are not at all regular. 
These ofTsets show a disturbance of the country rock as well. The 
mine rock is as usual, and the country rock is Mount Hope. 

BAEEB MIKE. 

Jomeph Wbarton, Owner and Operator. 

The ore is magnetic and non-bessemer, It gives, on an average, 
60 per cent, metallio iron. 

Its markets are Pennsylvania furnaces. 

The mine is at present (1890) four hundred and ten feet deep and 
six hundred feet long. The pitch of the ore shoot is ncntheast, bol 
at a much lower angle than at tlie Dickerson mine. It has a south- 
east dip. 

The mine was re-opened in 1884, and has been worked costmnously 
since. 

The couDtry rock and the mine rock are the same as those at the 
Dickerson. 

BICHABD HINB, 
Thomas Iron Company, Owners and Operators. 

The horse-power of the boilers which supply steam for the pumps,, 
compressors and hoisting engines is 760. Rand drills are used. 
The Thomas Iron Company consumes the entire output of or» 
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from these miaes. The ores are inagaetic and noD-beEsemer. They 
average, as shipped, 65 per cent, metallio iron. 

The pitch of the ore-body is northeast, and it dips to the southeast. 
There are several minor ofisets in the mines, but the ]ai^;e8t is between 
Shafts No. 1 and No. 2. The slope in No. 1 is at present about five 
hundred and fifty feet deep. The width of the vein from foot to 
hanging-wall ranges from ten to twenty feet. The mine rock is here, 
as usual, banded, but the lean ores are mixed with hornblende and 
mica. 

The country rock is Moant Hope. 

TEABO MINE8. 

Glendon Iron Company, Otrnere. 
Henry Kichards, Contractor. 

The ore is magnetic and non-bessemer, with a little sulphur. The 
Olendon Iron Company use the greater part of the ore, though some 
is sold to other furnaces. The dip of {he ore is southeast, with a 
northeast pi(«h. There are qo offsets in the mine. The mine is at 
present eight hundred feet deep on the slope. The ore oomea iu two 
shoots, one above the other. The thickoees of the shoot varies from 
«ix to fifteen feet, and is about sixty feet from cap to bottom rock. 
The rock between the two shoots varies between forty and uzty feet. 
The mine rock and country rock of this mine are as usual. 

UOCNT HOPE MINES. 

Mount Hope Uining Company, Owners and Operatora. 

The ore is magnetic and non-bessemer, aod contains no sulphur. 
The entire output of the miues is used at the Thomas Iron Company's 
furnaces, in the Lehigh valley. 

This mine has been continaousiy operated since it was opened. 

In the old reports, the Mount Hope mines included the old Hickory 
Hill workings, as well as the Mount Hope mines proper. The 
Hickory Hill mines have long since been abuidoned. Of the Mount 
Hope mines proper, the Jugular vein is the only one now working. 
While some of the old shoots have been abandoned, new ones have 
been opened. The mines now in operation are the Jugular, Side Hill 
vein and the Elizabeth drift. The Elizabeth drift is the last one 
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•opened, and a standard-gauge railroad track haa been laid from it to 
the Mount Hope Mine railroad. It is supposed that this mine is on 
the Teabo vein. It is within fifty feet of the Teabo and Mount Hope 
line. 

The pitch of the ore shoots is about 65° to 70*^ to the northeast, with 
A dip to the Bontheast, The height of shoot between cap and bottom 
is one hundred to one hundred and forty feet, yiith a width of ore 
from foot to hanging-wall of three to twenty-five feet. 

The boilers are rated at six hundred horse-power, and supply steam 
£or the hoieting, pumping and compressing eo^nes. Sargent drills 
are used. ' 

HIBEBNIA. MINES, 

Under this head_ are the Lower Wood, Glendon, Soott, De Camp, 
Upper Wood and Willis (now Wharton) mines. 

All of these mines are located on the same outcrop, and so are the 
same great ore-body. The length of this ore-body, which is now in 
active operation, and has been for a hundred years, is oyer one mile. 
Its greatest depth yet reached is 800 feet. The width of the deposit 
from foot to hanging-wall is from three to twelve feet solid ore. The 
total ontpat per month for this deposit, leaving out the De Camp 
mine, which is now idle, is 10,043 tons, or at tii% rate 120,516 tons 
for the year. Thie is by &r the latest aod most wonderful deposit 
in New Jersey, and, in fact, of this entite iron-producing belt in 
' Pennsylvania, New Jersey and New York. It is only exceeded by 
the Essex connty mines in New York, and in the Lake Superior 
region. From tlie Willis (or Wharton) mine to the Lower Wood, 
the mine is remarkably free from ofisets or faults. There seems to 
be a tendency among miners to r^;ard this deposit as a true fissure 
vein — that is, a deep rent id the earth's crust of indefinite depth, 
which has subsequently been filled with the iron ore. There are 
many facts which can be observed which would nullify this hypothe- 
sis. The country rock of this mine is the same as that of all the 
great mines of this State, as well as in New York State west of the 
Hudson river. The mines of Essex county. New York, are no excep- 
tion to this rule. The mine rock is the same as that of the other 
mines. The accompanying minerals are the same. The strike 
and dip, or underlay of the ore-body, are the same. It has been 
urged against the theory of aqueous deposit, that this mine has ' 
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no cap rock ; bat it b true that at the Willie (or Wbartmi) mine 
the ore is pitching to the northeast. In other w<»^s, a cap rock 
ia coming in over the ore, and this cap is going undergrouod to 
the northeast, at about the usual angle. No bottom rock has thus 
far been struck. It will tiius be seen that there is really no differ- 
ence between this deposit and others of the State, except its great 
extent, and whatever is true of other deposits must be true of this 
one also. 

The companies operating the mines of this tract are as follows : 
Glendon Iron Company operate and lease the Upper Wood mine ; 
Scott mine, owaed by the North Reformed Church of Newark ; and 
own and operate the Olendon mine, formerljr known as the Crane 
property. The ore is a magnetic, non-bessemer one, and the Glendon 
Iron Company use the entire output of the mines. 

The mining plant consists of two one hun()red horse-power boiler» 
and four sixty horse-power boilers; these drive hoisting engines, 
pumps and compressors. Morris County Machine Company's com- 
pressors are used to supply air to the Rand drills. 

The depth of the mines are as follows : Upper Wood, 750 feet ; 
Scott, 760 feet ; Crane, or Glendon, 700 feet. Width of vein, three 
and one-half to twelve feet in very solid ore. 

No cap or bottom rock has been found. The ore is raised to the 
level of the Hibemia Underground railroad, four hundred and fifty tO' 
five hundred feet above bottom of mine, and run out to the stock 
piles, where the ore is cobbed and loaded on trains for shipment. 

The De Camp mine is now idle on account of some disagreement or 
misunderstanding. It would, no doubt, prove as productive as ever, 
if worked. 

WHABTON (WILLIS) MINE. 
Owned and Operated by Joseph Wharton. 

The mine produces a magnetic, non-besaemer ore. The ore goes in 
part to the Wharton Furnace, at Port Oram, and in part to Reading, 
Peunsylvanin. They have a nest of boilers generating two hundred 
and twenty-five horse-power. This supplies steam for hoisting, pump- 
ing and compressing. Rand drills and Morris County compressors 
are need. 

The mine is worked continuously. It has reached a depth of seveo 
hundred feet. The ore dips 60° to 76° southeast. There is little or 
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no rook in the ore, which is here aboat five feet from foot to hanging. 
, Insqueezee, hornblende and micaceous rock are thrown out. l^ismine 
is especially interesting from the fact that it is the only on« on this 
property which ever gave any signs of a cap rock. Here, however, 
the cap is closing over the ore, eending it uodeigronnd at an angle 
of 45° or more. 

Mr. Cook, the superintendent, telle me, however, that in the cap 
the two walls are really parted by a thin vein of ore. The workable 
deposit, though, seems to be following the general rule thus far mani- 
fested in the mines of the State. 

It will be interesting to watch fartiier developments. 

LOWBB WOOD MINE. 

New Jersey Iron Mining Company, Owners. 
Andover Iron Company, Operators. 

The ore averages 68 per cent, metallic iron. The ore is magnetic, 
non-beseemer and is used at the Andover Iron Company's furnaces, 
at Phillipsburg, and by the Reading Iron Company, Allentown Iron 
Company, and by the Lehigh Iron Company. The depth of the 
mine is at present five hundred and fifty-four feet, and it is one thou- 
sand nine hundred feet long The width of the vein proper is 
about nine feet, though mnch of it is rock. It probably rune 
the same as tbe other mines of the Hibernia tract. 

This mine ie reported as being worked prior to the Revolntionary 
war, and has been worked rather eteadily since. 



Near Cheater many of the mines Have been abandoned. There is 
some prospecting for new locations. The filauvelt, Dickerson and 
Hacklebamey mines have been worked a part of the year. 

DIC££B80N MINE, CHESTEB. 

Col, Dickerson, Owner. 

Seals & Thomas, Operators. 

Mesare. Seals & Thomas are openiog a new mine on Col. Dicker- 
son's farm. A line of attraction three hundred feet long runs nortb- 
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east- southwest across the lot. The deepest workiog is twenty-five 
feet. The vein is about four feet from foot to hanging-wall. They 
employ four men, including their own work, and ship about two 
hundred and fifty tons per month to the Crane Iron Company. The 
ore is magnetic and non-bessemer. Like most of the ores in this 
regioD, they are very red and ochreous for magnetite ores. This is 
owing to the ooglaciated surface of the country. The rocks have not 
been scored as deeply as those farther north, and oi^uic agencies 
have had time to operate on the ores. The same or a similar effect 
is noticed on the rocks, which are rotted to a greater depth. 



BLATIVBLT MINE, 
Wiggins & Henderson, Opemtore. 

This is a new openiog on an old prospect vein. Six men, includ- 
ing the operators, put out two hundred tons a month. 

The ore is bought by Sampson George, who sells to Pennsylvania 
furnaces. The ore is magnetic and non-bessemer. 

Both this mine and the Dickerson employ no steam pumping or 
hoisting. So far, t^e mines are perfectly dry, and the hoisting is done 
by means of a horse whim. 

HA.CKLEBABMEY MINES. 
Cheater Iron Company, Owners and Operators. 

These mines are now in active operation. At present a water- 
wheel is being put in at the mines, which will work the mine pumps. 
The company is now working sixty men on the vein above the roastfir. 
This needs no pumping. The ore rnns high in sglphur, and on this 
account it lias to be roasted. A Taylor roaster is used. In this 
roaster the coal does not come in contact with the ore, but is used to 
generate gas, which is led into the roaster and burned. The ore is 
fed in from the top, and is drawn from the bottom, so no stop is made 
except for repairs. 

The ore is mimetic, and some of it is bessemer, while other parts 
of the same shoot run too high in phosphorus. The top of the shoot 
is the usual place to look for the bessemer ore, while the bottom runs 
too high in phosphoms. 

Furnaces in Pennsylvania use the entire output. 
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The deposits of ore here are rather peouliar. Instead of comiDg 
in one lai^ body, the ore seems to come in oumerons and irr^ular 
-shoots. The deepest mine is one hundred feet. The shoots vary in 
-depth from fifteen to two hundred feet. The width of the veins from 
foot to hanging-wall is one to twelve feet. Froni twelve to fifteen 
bunches of shoots of ore are worked. 

The ores from this mine are peculiar in being very oompact, almost 
flinty in teztnre, and in their bandiog. The bands, which are plainly 
discernible when broken right, are parted by thin layers made up of 
mica scales. Hornblende and mica rock, containiog small grains and 
bunches of ore, are common in these mines, as well sA in other mines. 
Owing to the nnglaciated country, the country rock, save that which 
is in immediate contact with the ore, is not to be seen without much 
search. It is probably Mount Hope type. 

The mine has been idle for a year and a half, but it started again 
in August, 1890. 



AITBLE illSE, NEAB PE&PACK. 

John Auble, Owner. 
W. Slup, Operator. 

This mine has been re-opened during the present summer. It has 
never produced any ore to speak of, being nothing but a prospect 
hole. 

The present operator now has a shaft on the slope fitly feet deep, 
and the length of the mine is about one hundred feet. 

The ore seems to be of good quality, but is non-bessemer. It is 
4wo miles from the railroad. 

RIKOWOOD MINES. 
Cooper & Hewitt, Owners and Operators. 

Dr. Oook, in his "Geology of New Jersey," 1868, mentions twelve 
mines at Ringwood, and they are as follows: Bine, Hard, Mule, 
Little Bine, Bash, Cannon, St. Greorge, Miller, Keeler, Cooper, Peters 
and Hope. These were probably not all in operation at a time, bat 
they were known. For that matter, they are all mentioned by Prof. 
Rogers in his report, which was published in 1836. At Ringwood 
and Hibernia there were, according to him, magnetic separators em- 
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ployed for dressing ore for forges. Thej' were called mt^aetio sepa- 
rators. (See Prof. Rogers' Report on the Geology of New Jersey, 1836, 
p. 143.) These mines were all mentioned by Rogers as being well 
known, and most of them were opened. It is supposed that they 
were worked by a J!»ndoa company as early as 1760. At least this 
date is cat on a foundation stone of their furnace. 

Of the twelve mines mentioned, only two are now in operation — 
the Peters and the Cannon mines. 

PETERS HIKE. 

The ore is magnetic and non-bessemer, and ia used by Cooper & 
Hewitt's furnaces. 

The mine lies in three shoots, known as No. 1, No. 2 and No. 3^ 
Noe. 2 and 3 lie directly over each other ; No. 1 lies in the hanging- 
wall apparently, but is probably a shoot belonging to the same de- 
posit, bnt bent out of its course. The ore pitches away to the north- 
east, and dips to the southeast. The end of the Peters mine has been 
reached a little more than six hundred feet down the slope. The ore- 
has not piached out ; it has simply been brpken off, and probably by 
a &alt This fault has probably thrown the ore up, and it is quite 
possible that the Hope series of mines may be the broken ontorop of 
the Peters mine. However that may be, the Peters mine is worked 
out, and the mine will be abandoned as soon as the pillars can be 
wholly or partially recovered. To recover these pillars the mine is 
being uncovered. The depth to which the cap rook is now removed, 
November 28th, 1890, is about ninety feet. The underlay to the 
southeast makes it necessary to remove only the banging-wall. The 
country rock of the Peters mine is of the Mount Hope type, and it 
shows very plainly to within a few feet of the ore vein proper. The 
rock in immediate contact with the ore is quite difierent. It consists 
nf a white, glassy feldspar, and pyroxene and hornblende. It is very 
well foliated and splits easily. Near the surface this rock goes com- 
pletely to pieces, and appears as a brick-red sand. Even where not so 
far gone, it is a very treacherous rock to mine through, as it has to be 
very carefully timbered. This decomposition is caused by the rapid 
rotting of the feldspar, while the hornblende and pyroxene deoomposing- 
more slowly, only change the color of the material to red. A coarse- 
pegmatitio rock, which seems to be eruptive, is also common in the- 
mine. This rock comes in the ore-body proper. 
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CANNON MINE. 
Cooper & Hewitt, Owners and Operators. 

This miDe was opened at the same time as the Peters and by the 
same company. The dip and strike of the mine are as usual. 

In the vicinity of this mine are numerous other shoots of ore, side 
by side and parallel. They do not seem to be of great depth and are 
very much disturbed. They are in general line with mines which 
€xt«nd to the Peters mine, more than a mile distant. • The line is 
broken, though, at several paints and shoved to the oorthwest. 

The rocks in the immediate vicinity of the mine are much the 
same as those at the Peters mine. In this mine, as well as in the 
numerous mine openings near by, there is a great amount of eruptive 
granite of a very coarse nature. It consists of lai^ crystals of 
bright-red feldspar, quariz and pyroxene or hornblende. This granite 
occurs in the country rock and in the ore-body, often enclosing masses 
of ore of various sizes. The quartz contains lai^e crystalline nodules 
tind sometimes crystals of rutile. Zeolites of different kinds also 
occur. " Berg kork " is also common in the seams formed by the 
slip of the rocks. 

These mines are the only ones worked north of the Pequannock 
river and across the entire belt of the Highlands. In the early 
spring of 1888, a shail was sunk on the Kutherford estate, near 
fiuckabear pond. The shaft was sunk one hundred feet, but failed 
to strike any great body of ore. In the spring of 1890, the Ranouse 
mine was pumped out and re-examined, but it did not appear to 
promise enough to warrant its being worked for ore. 

Although not yet in active operation, mention should be made of 
■aa extensive plant which is being erected at the old C^den mines 
by Thomas A. Edison. It is proposed to mine the lean ore of this 
«ztensive deposit and to concentrate it to a 66 per cent, bessemer ore. 
The capacity of the mill (J.OOO horse-power) is 2,000 tons in 24 
hours. The Edison separator is to be used. 

The above is a complete list of the mines now working in the State, 
«s well as of the ones of which there is a prospect of re-opening. The 
number of men employed, the total output per month, and the number 
-of mines are given below : 

Number of mines working or preparing to work, 30. Number of 
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men reported ae employed, 2,164. Total Dumber of tone of ore raided 
per month, 46,083. On this basis the total yearly output for 189(y 
was 552,996 tons. As this estimate is based on an average of niue 
months, it is probably nearly correct, 

The average yearly output of the mines for the last nineteen years,, 
accordiog to the annual reports, has been 533,083 tons. 

Although this is a good showing for the capacity of the New Jersey 
mines, it must be remembered that almost the entire output is from 
mines that have been known and worked for the last hundred years. 
Two rather prominent exceptions to this statement are the Kishpaugb,. 
opened in 1871, and the Belvidere mines, opened about 1873. 

It is, as yet, an open question as to whether the Belvidere mines- 
belong properly to the Archean division of rocks and ores. From 
certain facts obtained from a study of the minef, it seems to be advisa- 
ble to class them with such mines as the Andover, Tar Hill, Boseville, 
Pochack and other mines which belong to the Cambrian or Taoonie 
system of rooks.* The fact that the Belvidere and other mines are- 
mt^etic may be explained by metamorphism. In fact, in many 
rocks of an age as late as the Devonian small beds of magnetite occur. 

If the surmise is correct, a new and comparatively unexplored field 
awaits the prospector, for search for iron ores, and especially for mag- 
netic iron ores, have been confined ^Imost exclusively to the Arcbeaa 
rocks. 

Looking at these facts in one way, the capacity of the mines 
appears to be equal to any demand that may be made upon them. 
At the same time it must be remembered that the mines are continu- 
ally growing deeper, and that at a rapid rate. 

The Hurd mine, at Hurdtown, id now down 3,625 feet, on a slope 
of 30° average. This gives the mine a depth of 1,850 feet, or a 
depth of 860 feet (about) below the level of the sea. The Dickersoo 
mine, the next deepest mine, is now down 1 ,200 feet, a depth of about 
400 feet below sea level. The Mount Pleasant mines are next, with 
a depth of 900 feet, aad they reach between 200 and 300 feet below 
sea level. The Htbernia mines are 800 feet in depth, but on account 
of their elevated position they are not at sea level. Other mines- 
range in depth from 200 to 700 feet. 

•The term "Cambrian or Taconic" is here used, since the priority pf use has not 
yet been settled acceptably by geologiats. As used here it refers to a syalem of rocks- 
yoDDgei than the Archean and older than the Silurian. (See in this report " The- 
Foat-Atchean Ageof theWfiile Limeatonesof Sussex and Warren Counties," page 26.) 
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Id 1873 the Dickerson mine was 600 feet deep ; ten years later it 
reached a depth of 700 feet, and in the last seven years it has deep- 
ened 600 feet. This later rapid increase in depth is owing to the 
&ct that only the main shoot of ore is worked. 

The HurdtowD mine, in 1883, was 2,000 feet on the slope, and, as 
8tat«d above, is, in 1890, 3,625 feet, an increase in vertical depth of 
over 100 feet per year. 

In 1883 the depth of the Mount Pleasant mine was 500 feet. In 
1890 the depth is 900 feet. Other mines have increased in depth at 
about the same rate. The Byram mine, for instance, was 735 feet 
deep, measured on the elope, in 1873 ; in 1882 it had reached a depth 
of 1,100 feet, and was abandoned. The mine was not worked out, 
" but the vein was narrow and the shoots short and irregular." The 
report (1873, p. 99) does not state whether the slope referred to the 
dip or to the piloh. 

In the accompanying list of mines, which is taken from the 
Annnal Report of the State Geologist, for 1883,* it will be seen that 
the boom io the iron market stimulated prc^pecting for iron ore to a 
great degree. In this list are enumerated three hundred and twenty- 
five opeoiogs. The mines whioh are starred (*) have never been 
worked, and thus cannot properly be classed as mines, or at most, 
have produced only a few hundred, or thousand, tons of ore. Of all 
the mines in the list the Kishpaugh, opened in 1871, and the Queen 
(one of the £elvidere mines), opened in 1882, are in operation to-day. 
The prospecting of twenty years has thus fidled to discover, with two 
possible exceptions, a single mine of importance. 

The thoroughness with which this prospecting seems to have been 
done, becomes apparent when we consider that the iron-ore belt 
proper consists of really lees than 700 square miles, and that on an 
average two opemogs in search of ore have been made on every square 
mile in the belt. This certainly does not represent all that has been 
done, for there is hardly a farm that has not " attraction," and upon 
which diggings of greater or less extent have been made. 

Another rather remarkable fact is, according to report, and the 
report appears to be capable of verification, all of the great mines of 
the State were exposed to the air, or at least covered with only a few 
feet of soil. This was certainly the case with the Hurdtown, fiing- 

■ Thia list has been, as stated, copied from the Anaual Beportof 1683, snd has been 
corrected to date. 
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wood, Hibernia, Bickerson, Moant Hope, aod with many other of 
the historical mines of the State. 

The proepecting noted above seeme thoroughly to have demoostrated 
the &ct that there are no more great mines occarring ander the condi- 
tions stated above, namely, exposed to the air or covered slightly by 
the soil. Another fact which has been demonstrated is that, so far at 
least, the great mines of the State lie in well-defined belts, and that 
ontside of these belts no great mines, with one azception, have been 
developed. 

Two very vital questions thus present themselves to those interested 
in mining in the State. First. Are there probably any other great 
deposits of iron in the State ? Second. Is there any way of determin- 
ing the positions of such deposits? 

These questions will be discussed in the following pages. 



ROCKS ASSOCIATED WITH THE IRON ORES. 

The rocks associated with the iron ores of this belt of New Jersey 
may be roughly divided into two classes. These two olasses are, first, 
country rock, or rook forming the adjacent walls of the iron-ore 
deposits ; second, mine rock, or rock which is confined between walls 
of the ore-body proper, and is intimately associated with the ore. 
This division excludes eruptive rocks of various kinds, as well as the 
particular varieties of rook which may be found either in the country 
rock or in the ore-body itself. For in spite of the fact that there is 
a great similarity in these rocks, comparing country with country, or 
mine with mine, there is a wide variation in mineral composition and 
in mineral proportion among the rocks. 

The country rock of the mines of the great magnetite belt of New 
Jersey was described in the Annual Report of the Stato Geologist, 
for 1889, page 30, as Mount Hope type. 

As was there stated, the rock is well foliated.* This rock was so 

*The teem "folUtioii" among geologists a used to denote aBtructure in crTsUJUne 
rocks, in virtue of whicii tiie rock will split more readily in one direction than in any 
other. The vord is derived from a Latin word meaning a leaf. 

(^uarrjmen often speali of this structure under the name of " the ^roin of a rock," 
and a skillful quarrjman will tell hj abservaCion how the grain miiB. 

If the mine rock or wall rock from aaj of our mines be closelj observed it will be 
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Darned since it was observed that it was the oountry rock of the 
Mount Hope miaes. Its mineral composition is quartz, feldspar (two 
kinds), and m^netite. At the Mount Hope mines a tunnel has been 
-driven into the side of a hill, which has intersected five shoots 
of ore. Between each of these shoots of ore this peculiar rock is 
found. It will thus be seeo that, for this particular mine at least, 
4he rock is well named. In the other great mines of the State, b^ 
Actnal trialj it is found that this same rock makes up the "couotty" 
■oi the mines. As the belt of rocks passes from New Jersey into 
J^ew York, the same holds true for the magnetic iron mines of south- 
'eastern New York, west of the Hudson river. East of the Hudson 
other conditions seem to prevail. 

An extended study of the great iron-ore bearing rocks of the 
Adirondack Mountains showed that there also this peculiar rock 
enclosed the iron ore. In iaot, on every side of the moantains, this 
Tock lies in the form of an irregular circle around the core of eruptive 
Tooks, which form the bulk of the higher peaks. This is especially 
Ime of the great ore deposits near Port Henry, Chateaugay and 
Crown Point. 

In New Jersey and in southeastern New York this rock extends 
to a very great distance, even where no iron mines have yet been dis- 
covered. Its extent and position have been described in the report for 
1889, already referred to. 

As was tiien stated, the rock is found in the cat above Eastoo, Pa., 
on the Belvidere railroad. It forms the greater part of the rock of 
Scott's Monntain, and follows along northeast to Franklin Furnace. 
There it disappears under the limestone, bnt re-appears on the axial 
crests of Pochuck Monntain. Beginning again on the Delaware at 
Durham Furnace, Pa., this rock again reaches northeast through 
Schooley's Mounlaia, Mount Olive, Hurdtown, Ogden mines, 
Wawayanda aud ends near Warwick, at the Parrot and Warwick 

«eeD that the mineraU are arraoged m parallel tinee, and hy trial it wilt be found that 
ithe rock vill split aloDg these lines very regnlarly, but will not split ia anj other 
^lirection. Crjrstalline rocks poeseesing this titructure are called ''foliated" rocks, 
.and are said to possess a " gneissic " structure, and are called gneiaea. 

Rocks which do nof possess this structure are called, in general, graniUt. 

Sehitia are rocks composed wholl7 of mica, sometimes, or have so much of mica or 
^graphite in parallel arrangement that the? split rer; easily in this direction. In this 
caatijeliatwn is carried to a very high degree. In a doty structure /ofiolion is carried 
to such a degree of perfection that a rock will split nearly as perfectly as a roofing 
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mines. The next belt b^ios near High Bridge, runs through Ches- 
ter, Mine Hill, Fort Oram, Moaot Hope, Hibernia aod Riogwood,. 
indndes the great mining belt in New York, including the Forest of 
Dean mines, and ends on the Hndson river at Fort Montgomery and 
looa Island. It has not been noticed east of the Hudson, 

It is also found on the crests of the Ramapo Mountains, and near 
Pompton, Boon ton, Morristown and Mend ham. 

It thus appears that the great iron-ore deposits are connected with 
rocks of Mount Hope type, and that prospectiog for iron must be- 
confined to (his rock. This statement is strengthetied by the fact 
that outside of this rock no iron mine of importance has been 
opened in the Archean formation. So well recognized is this among- 
miners, that a certain other rock, which is very abundant (see Oxford 
type, 1889, Rep. p. 80), is known among them as " hungry rook." 

The mine rock, or rock which is mixed or interstratified with the 
iron ore, sometimes known among miners as " horses " of rock, is, like 
the conntry rock, well foliated, and it is often banded with horn- 
blende and pyroxene, and Eometimes mica. The hornblende and 
pyroxene often form bands in the ore-body proper, to the exdusion of 
other minerals, with some scattering grains and bunches of magnetite 
and eometimes sulphide of iron. A black mica often forms bands and 
bnnches in the ore, and often thin bands of ore, from one-half of ao 
inch to two or more inches in thickness, alternate with this. In fact, 
where beds or " shoots " of iron ore give out, this is the manner of" 
giving out. The ore divides into strings, the mica and hornblende 
becoming more and more abundant, till it is no longer profitable to^ 
work the deposit. This is not true, of course, where the ore-body- 
ends by being cut out by a fault. 

One thing is very noticeable in mine rock ; that is, its freedom from 
quartz or silicic acid. This is rarely or never precent except as in- 
filtrating veins of secondary origin. It is thus evident that the mine- 
rock is baaie, in contradistinction to the country rock, which is for the 
most part ocicf. 

The fact that the mine rock is basic, or at least quartz-free, is really 
the only thiog which serves sharply to separate the two rocks. The- 
mine rock is, as has already been mentioned, foliated or banded, and 
this banding is. parallel to the course of the bed or vein of ore, and 
this, in turn, as has often been pointed out, is parallel to the foliation 
. in the country jock. It is thus evident that the same cause whicb 
prodaced the banding in one rock also produced it in the other. 
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There ia imother rock, which vraa brieflj hioted at under the term 
eruptive, that ia a kind of granite or p^matite, which u of frequent 
occnrrence in the mine as well ae in the coantry. This rock cau be 
readily determined in the mine by its quartz, which is absent in the- 
miae rock proper. In the country, it can usually be distinguished on 
account of its coarseness and the absence of a distinct foliation. This 
rock is, in addition, characterized by the titanic acid which it usually 
carries. In some instances zircon is also present in conBiderable- 
abundance. 

As near as can be found out from personal observation and from 
inquiry, the "rolls" and "pinches" so often met with in mines are not 
due to the rolling in of the foot or the hanging-wall or to iheir ap- 
proach to each other, but are in reality due to the thinning out of thfr 
ore-body proper. That is, if in a mine a body of mine rock consist- 
ing largely of pyroxene or hornblende or mica and feldspar rock 
should appear either on the foot or hanging-wall, and shonld develop 
to such an extent as to reduce the ore-body to a thickness no longer 
profitable to work, the country rock would be said either to " roll in "" 
or to " piuch out the vein," as the case might be. A careful exam- 
ination of this rock shows it to be, instead of the true country rock, 
the regular mine rock. In many cases where a mine has been aban- 
doned on account of the ores pinching out, examination shows that 
the mine rock, for some reasou or other, has developed in the place or 
the ore. 

A beautitiil example of this is eeen at the Lower Weldou mine, on 
the Ogden Mine railroad. Here, at the south end of th^ mine, long,, 
narrow strings or ribbons of ore can be seen interbauded with broader^ 
strings of mine rock. One specimen which was collected at this 
mine and which is iu the laboratory at Trenton, is six inches 
in thickness and has two bands of pure magnetite tbree-fourtbs of an 
inch thick. Two inches of mine rock consisting of feldspar, with 
occasional grains of magnetite, separate them. Had these, bands of 
ore been three or four feet in thickness and the rock in proportion, 
they would have been spoken of as two parallel shoots of ore and 
worked as such. As it is, the ore is said to pinch out. 

Mr. Joseph Cook, superintendent of the Wharton mine, at Hiberuia, 
tells me that the cap rock of his mine consists largely of horublende- 
and biotite, and other mine superintendent^ and foremen are authority 
for the statement that the rolls in the mines are micaceous or hom~ 
blendic. 
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Wbere aa offset or fault occurs in a mine there is a different matter 
-entirely. Ttie miner goes through the rock in spite of pinches, and 
the foot-wall or the hanging-wall of the vein is then sharply distin- 
guishable from the mine rock. Thus the mine rock at the Hurd 
mina, at Port Oram, is the same aa that already described, and from 
an examination of the waste dump one would never suspect that the 
country rock is the same as that at the Diokerson mines. At my 
request, Mr. E. Mill, superintendent of the mine, kindly sent me a 
piece of the rock taken from an offset in the foot-wall. This specimen 
is of the Mount Hope type. The parting between the vein, including 
the mine rock, is very sharp, and on one side of the parting is the acid 
Mount Hope rock, and on the other the mine rock and iron ore. The 
point of this and one or two of the preceding paragraphs is this : Iron 
ores are not cut out or pinched out by the country rock as often aa 
they are reported; but the ore is cut out by a development of mine 
rock within well-defined walls of well-defined country rock of the 
Mount Hope type. 

In this place it may be well to call attention to certain rock-beds, 
or strata, referred tfl by Dr. Britton in his reports for 1885 and 1886 
■aa diorite. The same rock is also referred to in the report for 1889, 
and under the same name. This diorite rock consists of hornblende 
-and feldspar, with no quartz, and with occasional grains of magnetite. 
It is sharply separated from the adjoining Mount Hope rock, although 
closely welded to it. These bands are more highly impr^oated with 
iron in some places than in others, and shafts have been sunk on 
them in hcipes of finding workable deposits of iron ore. A shaft 
-sunk on the Rutherford tract in the spring of 1888 by Colonel W. 
H. Scranton, is an example in hand. Inasmuch aa there is this sim- 
ilarity, it may be well to study these rocks with the idea that these 
bands of diorite rock are but the remains, or signs, of a deposit of 
iron. Whether such signs are capable of closer interpretation, 
further study may reveal. In the ore shoot, or bed, the wall rock is 
well defined. There is no gradnal thinning out of the ore till it 
"becomes too lean to work, but there is &a abrupt transition from the 
vein-matter to the country rock. This must not be. taken aa Implying 
that the ore is rich enough to work the full width of the vein, for 
oftentimes this is not so, as has been explained under " rolls " and 
" pinches." It simply means that a bed of ore, whether rich or lean, 
is a well-defined body, and is sharply separated from the country 
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rock. If the ore grows leaD as it approaches either the foot or hang- 
iug-wall, the rook which takes the place of the ore is still mine rock, 
and as such is easily distinguishable from the country rock. Id many 
mines a smooth, greasy surface separates the vein-matter from the 
country rock. For mines of this kind the Hurd, Harvey and New 
Sterling, at Port Oram, are good examples. In other mines, as, for 
example, the Dickerson, the ore dings to Ihe wall so firmly that a 
blast tears off portions of the country rock with the ore. There is, 
however, no thinning of the ore in this case. The principal points 
to be carried from this paragraph are, first, that the vein, or bed, is a 
well-defined body; second, that the country rock proper is never 
mingled with the ore-body. 

So far as I have been able to note from personal examination of 
the mines of New Jersey, the "horses" or "horsers" of rock in 
mines are either large masses of the mine rock, usually biotite feld- 
spar or hornblende feldspar rocks (quartz being absent in both cases), 
or of a granitic or pegmatitic nature. In this latter case the rock is 
very coarse, is easily distinguishable on account of the abundance of 
quartz, which in this case is clearly seen to be an original constituent 
of the rock. The other and rarer minerals are allanite, sphene,. 
rutile, and usually more or less zircon. Mines in which rocks of this 
nature occur are Washington mine, Oxford Furnace; Hibemia mines- 
and at Bingwood. At this latter place, at the Peters mine, an irregular- 
shaped dyke of pegmatite may be seen in the ore-body. At the Can- 
non mine the rock is much coarser and the feldspar is of a bright 
flesh-red oolor. There are many zeolite minerals found with it. It 
" is to be noted that when rocks of this nature occur {granites and 
p^matites), the country shows much disturbance and the ore-bodies- 
are more or less irregular. At the Cannon mine the eruptive granite 
appears to have divided the ore-body into several short, irregular 
"shoots." Titanic acid in the form of rutile is found in this rock,, 
while analyses of the ore show it to be comparatively free from it. 

From what has been said in the foregoiog paragraphs, it may be 
inferred, first, that no foliated, quartz-bearing rock occurs in the- 
mines ; second, that there are no " rolls" in the walls of country rock, 
or that the ore is never " pinched" out. Neither of these statemeots 
is true absolutely ; but they are meant to express a general rule. 
One of these general rulee is that the absenee of granular quartz is 
characteristic of the mine rock, just as its preaenee is characteristic of 
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the country rock. Another of these rules is that by far the greater 
number of rolls, pmchea and squeezes are due to the replacement of 
the ore by the mine rock, and not by the intrasion of the country 
rock. 



POSITION OF ORE-BODIES IN THE ROCK. 

In the former reports of the Survey much has been said regarding 
the pitch and the dip of ore-bodies proper. It has been pointed 
out that these coincide with the position of the enclosing rooks, 
as indicated by the foliation of the rocks. It has been assumed that 
this foliation was produced by bedding or sedimentation in the same 
way in which beds or layers of sand and day are produced by water 
to-day. This is supposed to be proved, since the deposits of iron ore, 
which are r^arded as of aqueous origin, are so oonfornuble to the 
position of the rocks. On the assumption, however, that the foliation 
in the gneissic rocks is evidence of sedimentary origin, there are sev- 
eral very stubborn facts to be explained. In the first place the pitch 
of the ore shoots, while generally in a northeast direction, vary greatly 
as (o the amount. For instance, tlie pitch of the Dicker§on miue is 
about 60° to the northeast, with a dip of 65° to the southeast. The 
Corwin and Sterling mines, a little more than a mile to the northeast, 
have a pitch of only 5° to 6°, and a southeast dip of from 30° to 45°. 
The Hard, Harvey and North River mines, at Port Oram, agree closely 
with the last two mines. The Hurd mine, at Hurdtown, has a pitch 
of 30° to 45°, while the dip is nearly 90°. la short, by comparing 
the pitch of roek given in Annual Report State Geologist, for 1886, 
page 96 (a few mines arc included), with the pitch of the iron-ore de- 
posits given in the Report for 1883, page 65, this discrepancy will be 
observed. The pitch of the rocks varies from 6° to 40°, with an 
average of aboat 22°, while the iron ores vary from 15° to 60°, with 
an averge of 38°. It will thus be seen that the iron ores, on an 
average, have a steeper pitch by 16° than do the enclosing rocba. 

If now the dip or underlay of the mines be compared with the 
dip of the rocks, some very suggestive figures appear. The average 
dip or underlay of one hundred and forty-eight mines or mine open- 
ings is 60° ; the average dip of the same number of observations on 
rocks gives an average of 58°. It will thus be seen that in the matter 
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•of dip the rocks and the encloeed mitieB are far more intimately 
related than ia the matter of pitch. This similarity is more striking 
wben it is considered that the dip of -the rocks is taken, for the most 
part, at a distance from mines. 

It is probable, however, that observations of a sufficient number 
iiave not yet been made to warrant the assumption that the pitch of 
the ore-beds differs essentially from that of the enclosing rock. The 
4>ottom or the cap rock of a mine from which the degree of the pitch 
is obtained is never a certain factor, and the swelling downward or 
the pinchiag upward of the ore-body would give an apparently flatter 
-or a steeper pitch, as the case might be, to the ore-body than to the 
.enclosing rock ; while, as a matter of fact, the pitch might be the same 
in both. In order to establish a point of this kind the most carefai 
observations should be made, and the utmost caution should be ob- 
served lest the mine rock be mistaken for the country rock. 

In studying out the formation of the Archean rocks, it should be 
•borne in mind that dip and pitch are caused by forces acting at right 
angles to eadi other, and that the force which produces the dip of the 
strata tends to fiwm long ranges or rolls in the rocks ; the force which 
■causes the pitch breaks these long rolls up into longer or shorter hills, 
and 80 brings to light strata which would otherwise have been deeply 
buried. Thus, in New Jersey, the Archean Highlands have probably 
been formed by a force acting from the southeast and thus the succes- 
sive ranges of this belt have been formed. At the same time anotBer 
force, acting at right angles to this, has produced the succession, of 
iiills with their gentler slopes falling away to the northeast. It is 
thus that we can account for the fact that one end of an irou-ore bed 
-or shoot appears at or near the surface of the earth, while the other is 
deeply buried ; and in the same way we accouut for a long saccession 
-of outcrops along the same line, each shoot " heading ont " against a 
rock and another shoot taking its place at a distance farther on. At 
the same time each successive shoot may appear farther and farther to 
the east, or, in the miners' langu^e, " thrown into the hanging-wait." 

This may not at first sight appear plain, but if two blocks be placed 
■end to end and then given an inclination or "dip," the raising of one 
block vertioally, or depressing in the same line, the Mocks will appar- 
-ently be moved apart sideways. If the blocks are placed vertically 
no side displacement will be made. Of course both side and vertical 
movements may combine to thrust the ore-body to one side. It must 
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be remembered that with a soatheaet dip, such &b is geDerallj charac- 
teristic of the New Jersey ore-beds, au upteard movement wouW 
throw tbe ore ioto the hanging-wall, while a downward movement 
would throw the ore into the foot-wall. This is supposing, of oourse, 
that we are going to the northeast oq a given ore-body. If we were 
going to the southwest, the throw would apparently be just the 



As was before remarked, however, the probability is that both verti- 
cal lift and side thrust have been active in forming the olllriets in our 
mines. It is evident, then, that if the structural geology of the mining 
belt be accurately worked out, the direction of the movement of any 
given ore-body could be determined, and thus it could be found. 
That is, the direction of the movement of the country rock, whether 
up or down, to Ihe right or to the left, can be determined in most 
cases by a skillful geolc^ist. It would follow, then, that the ore- 
body, being enclosed in tbe rock, must take the same direction. In 
regard to the presence of other great ore-bodies, which are buried so- 
deeply that they have not appeared on the surface, other factors sug- 
gest themselves. Regarding the Archean rocks as sedimentary, let u» 
see what would follow. 

Let the order of deposition be represented by a series of blocks^ 
letting gray blocks represent bede of rock and black ones beds of iron 
ore. Let the order of deposition be as follows: First a gray block,, 
then black ; two grays, one black ; four grays, one black ; two grays^ 
and then deposition ceases. 

If now the blocks were to remain horizontal, the iron (or black 
blocks) would never appear on the surface. Let them be tilted, or 
given an " underlay," and the tendency would be to expose a layer of 
the black ; but if, in addition to the " underlay," the blooka be tilted 
endways, or given a " pitch," one end of a black block would appear 
on the surface, while the other would plunge deeper. 

Further, only one black block might be exposed by the tilting, and 
we might desire to know if there were others. If the blocks were- 
horizontel, as in the banning, the obvious plan would be to sink a 
perpendicular shaft and this would reveal the nature of the under- 
lying blocks, with the least expenditure of work. If now we remem- 
ber that whatever the angle may be at which the blocks be tilted, they 
always maintain the same relative positions, it wUl be seen that, in 
order to discover the nature of the underlying blocks, the direction 
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of the ^aft must always be at right angles to the aarfaoe of the 
blcK^. 

What is true of our im^inary blocks is true of the rocks which 
thej represeDt. And if oue is puzzled to know in which waj to go 
to get Wider a given shoot of ore, a recourse to a device of this kind 
may ^ve very graphic assistance. 

After all, it must be said that the study of rocks and their positiooB 
OT structure is one of exceeding difBcalty, and it is a fair question as 
to whether, in case it is contemplated to spend thousands of dollars 
in the search for ore deposits, it would not be wise to call in the 
assistance of one who is familiar with such studies. 

The business of tlie miner is with the pursuit of certain substances, 
their economical extraction, and with the devices of securing bis mine ; 
aud it is only incidentally that a knowledge of geology and miner- 
alogy becomes of importance to him. The business of the geologist, 
'on the other hand, has wholly to do with the rocks, their origin, posi- 
tion and movements, and the mine has no interest to him save for 
the light that it will incidentally throw on his subject. The mine is 
in the rock, and must of necessity partake of the motion of the rook. 
It must be remembered, however, that the miner's knowledge is par- 
tiouiar, and that of the geologist is general. The knowledge of the 
two is thus supplemental. 

Keferring to the appended list of mines, a verification of the above 
statements will be found. There are more than one hundred " pros- 
pect " holes that have been opened at a cost of from one hundred 
dollars or less up to a thousand or more dollars. 

It is probably the fact that if the prospectors who have done the 
exploring had called in the aid of men versed in rock structure to 
supplement, not in any sense of the word to replace, their knowledge, 
a great saving of time, labor and money would have been effected. 
The conclusion of the whole matter is thia : ^liere are no new mines 
in the State, and in the old ones exhanation is only a matter of time. 
Previous efforts have failed to locate new deposits. Will it not be 
wise, then, to try one more method — that is, of combining the sound, 
practical knowledge of the miner with the knowledge of the geolo- 
gists, as published in the Survey Reports ? So far as can be seen at 
present this is a last resort. 
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SEARCHING FOR MAGNETIC IRON ORES WITH A 
MINER'S COMPASS. 

The miner's oompass is dow bo familiar an inatrumeDt tliat it Deeds 
DO description. This caution, however, may be added, that in select- 
ing an instrament the best is always the cheapest in the end. The 
liability to error, even in the best of compasses, is so great that this 
error ought to be eliminated, so far as is possible, by secariog the 
beat make. 

Freedom of motion, and freedom from any causes that would tend to 
impede the action of the needle, must be looked after carefully, for even 
the sli^test friction will cause a great error in pointing out the d^;ree 
of attraction. This error is liable to still graver results if it is intermit- 
teot in its action, bo as to impede the needle at one point and leave it 
free at anotlier. It would follow, as a matter of course, that such an 
instrument must be handled with great care, or its more delicate parts 
would become injured and the instrument unreliable. 

Even the best instrument, with the beet of care, especially if it b* 
ne?, needs to be constantly tried on neutral ground, or where no 
attraction exists. This is rendered necessary from the fact that the 
needle is usually so constructed as to rest at zero on neutral ground. 
These zero points are usually fixed on an immovable arc. It is a 
well-known fact that a needle parts with its magnetism to a certain 
d^ree. As it loses its magnetism its equilibrium is disturbed, and 
it is coDStantly recording a certain degree of negoiive attraction when 
no attraction exists. 

Suppose, for example, in using a needle the following notes of 
attraction should be made in going over a given line : 

I. —20°, —15% —5°, 0°, +5°, +20°, +30°, +60". 
II. 0°, +6°, +15°, +20°, +40°, +50°, +80°. 

Line I. shows the notes entered. If now the behavior of the 
instrument arouses suspicion, let it be taken where no attraction exists 
(this point must be selected with great care), and it may be found that 
the needle comes to rest indicating — 20° attraction. Let the needle 
be tested in other localities, and if all agree on — 20° this error must 
be eliminated from the notes in order to get at the correct indications. 
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Line II. ehows the uQtee thus corrected. It U evident that if the 
compass has an error of — 20°, and indicates this in the field, there 
is no attraction. If there is an indicated attraction of — 16° there 
must be an attraction of +5°, and eo on. 

Where a compass is thus discovered to be in error the needle should 
be balanced. This balancing is done by removing one of the glaas 
covers and placing a weight on the lighter end of the needle. A bit 
of shoemaker's wax is a very convenient material, as it can be readily 
applied and easily removed. This balancing should be done where 
Qo attraction ezista, and when balanced so as to swing at zero, it 
should be tested at various points, to be certain of a correct reading. 
An instrument should be tested every day at least, when in nse. 

In makiog a survey with a needle its behavior is sometimes very 
strange and hard to interpret. Suppose that the notes along a cer- 
tain line were as follows, and taken twenty feet apart : 40°, — 30°, 
+25°, —50°, —26°, —5°, +60°. 

If the behavior of a needle in the presence of a magnet be recalled, 
the interpretation is comparatively easy, and one or both of two con- 
ditions of an ore-body is indicated. First, +40° and — 30° indi- 
cate a break iu the oie-hody, and that it is acting as an independent 
magnet; and the subsequent indications point to the conclusion ^at 
an nre-body one hundred and twenty feet long has at least two breaks 
or faults in it. Second, it is indicated by change from positive to 
negative, and vice versa, that the ore, instead of lying in a continuous 
body, lies in the form of large lenses, with rock between. It will be 
readily understood that both of these conditions may be present 

To determine whether the ore is lenticular and in isolated bodies, 
or whether a continuous body which has been broken, resort must 
be had to the geological features of the country. If the hills and 
the outcropping rocks are long and regular in shape, the ore is prob- 
ably in lenses. If the contrary be true, and the hills are short and 
irregular and the rocks are much tumbled about, the probabilities are 
in fevor of a broken ore-body. It has already been remarked that 
the great mines of New Jersey were found exposed on the surface, or 
at most covered by but a few feet of soil. If these outcropping ore- 
bodies had been passed over with a dipping-needle, their presence 
would have been revealed by a strong attraction, probably as high as 
90°. As the line was followed northeast the attraction would grow 
&iDter and fainter, and finally disappear. It would be noted, how- 
ever, that the line of attraction was a long and steady one. 
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9nppose now if instead (rf five to ten feet of coveriDg there had 
been fiffy to one hundred feet, or even more. In this case the needle 
would not be so strongly attracted, even when standing over the main 
outcrop, and along the northeast line the corresponding attraction woald 
be fainter, and would come to an end sooner. As a matter of fact, the 
entire surface of the mining belt of New Jersey, northeast of a line 
passing through or near Buttzville, Budd's Lake, Dover, Denville and 
Morristown, is glaciated, and in many places glacial drift oovers the 
surface to the depth of several hundred feet. The summits of many 
of the hills are bare rock, but the valleys or depressions between the 
hills are deeply bnried by drift and oftentimes these depressions have 
been the bottom of lakes or ponds which have become filled with peat 
or " black mud" mingled with soil washed in from the hills. Thia 
state of affairs reaches ont of New Jersey and into New York. 

A little thought will show that were a greater deposit of iron ore 
than has yet been found buried beneath this drift, it would give but 
feeble signs of its existence to a needle, if, indeed, it gave any at all. 
Whatever signs of attraction were observed over a drifb-oovered area,, 
though, would be strongly indicative of a large ore-body, especially 
if the attraction extended for a moderately long distance. 

Whether or not such bodies of ore exist remains yet to be demon- 
strated. It is to be observed, however, that below the glacial line the 
great ore deposits are more frequently found at or near the foot of 
hills, or in depressions, rather than on the summit of the highest hills. 
It is also to be observed that there are more productive mines in this 
area than in the glaciated area. And, finally, it is to be observed that 
all mines in the glaciated and drift-covered areas have been opened 
tbrough but a few feet, if any, of drift. 

This brings us back to the original question : May there not be 
lai^ deposits of iron ore deeply buried by drift ? 

In prospecting on a property it is common for the prospector to go- 
over the property according to no definite rule, and consequently, 
wiien the survey is finished, there is no clear idea of the relation of 
the different areas where attraction has been observed. There is an 
impression that it will, or will not, be wise to open up the property, 
and this decision is usually reached more by finding several points of 
nirong attraction rather than by finding a line of tteady attraction. 
'Here is only one way to eliminate such an element of uncertainty, 
and that is by making a map as one goes along. Take a piece of 
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diagram p&per, draw an outline of the property to be aarveyei, and 
then fix a northeast-eouthwest line. Start on this ]ine, note the 
attractioD, mark it on the diagram paper, go ten feet or twenty feet 
DorUiwest, ^^in note and mark down tlie attraction on the paper. 
Continue in a northwest line till attraction ceases, then go ten, twenty 
or more feet northeast, and then note attraction going southeast. 
Cross the fixed line, observing every ten or twenty feet tiU attraction 
ceases in that direction. When the whole property has thus been 
traversed there is no trusting to the memory neoessary ; the ezaot 
results of the survey are under the eye. This mapping oan be done 
as elaborately as the individual chooses. The property can be aoou- 
rately surv^ed, but all that is aeceesary is the fixing of a-single line. 
The distanoes can be paced off accurately enough for practioal pur- 
poses. If the results are favorable enough to warrant the sinking of 
a shaib, the exact point can be determined by accurate measurements. 

Three very good maps plotted in this way are to be seen in the 
Annual Report of the State Geologist for the year 1873, page 94. 
Another great advantage of this method of map-making, however 
radimentary it may be, is that it shows conclnuvely whether the ore 
deposit is a r^nlar bed or is only an intruded or segr^ated mass of 
limited extent. It also shows the direcHon of the line of attraction. 
When the direction of the line is other than northeast-southwest it is 
well to examine the property very carefully, since experience has 
shown that in New Jersey the beat mines lie in this direction. If, 
therefore, there seems to be a deviation from this line the .position of 
the nmgbboring rocks ought to be very carefully studied. If the 
rocks " strike " or run in the same direction as the line of attraction 
the result is favorable ; if not, the line of attraction is either an 
eruptive mass or a segregation. In either case, no thought of further 
development ought to be entertained. 

There are many other points which could be suggested, but which 
practice in the field will more readily and forcibly suggest. It will 
hardly be necessary to point out that acute observation is ueoessaiy at 
all times, and that the nature and position of the rocks, as well as the 
topc^raphy of the country, must be taken into aooount, and that all 
of these contribute quite as much to the success of the prospector as 
the needle itself. 
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LIST OF IRON MINES, 



WITH BBFEBBNCB8 TO NOTES IN EEP0KT8 OP THE GEOLOGICAI, 
SURVEY. 



Note. — The order of arrangcmeiit in this list Ib nearly the eame as thftt of the 
Annual Beport for 18S3. The four belts ore reltuoed »a convenient for reference. 
The; have no geologioal existence, bnt are geographical divi»ons. Small opeoinge 
which have not been developed into producing mines, are marked with a star, thus, *. 

KAMAPO BELT. 

*Bernabd8Vii<le Opening, Bernards township, Somerset county. 
Idle. 
Annual Baport, 1873, p. 24. 
1874, p. 41. 
1884, p. 73. 

*Jane8 Mine, Beniards township, Somerset county. Never worked. 
Geol<^ of New Jersey, 1868, p, 544, 
Annual Beport, 187S, p. 24. 
1884, p. 78. 

CoNNBT, or Wateb Stbbet Mine, Mendbam towoship, Morris 
coanty. Opened in X869. Idle now. 
Annual Beport, 187S, pp. 24, 25. 
1879, p. 41. 
1884, p. 78. 

*BEEfiS Openinqs, Hanover township, Morris county. Never 
worked. Idle. 
Annual Beport, 1878, p. 99. 
1879, p. 41. 
" 1884, p. 73. 

Taylob Openinos, MontviUe township, Morris county. Opened 
ahoDt 18&8. Idle now. 
Annual Beport, 1878, p. 25. 
1884, p. 78. 
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*CoLE Fabu, Montville township, Morris oonnty. Idle. Never 
worked. 
Annual Report. 1874, p. 21. 
1879, p. 41. 
1884. p. 78. 

Kahabt Mine, Pequaonock townehip, Morris <»nnt7. Opened 
previous to 1868. Idle. 
Geology of New Jersey, 1868, p. 544. 
Annual Report, 1873, pp. 25, 26. 
" 1880, p. 101. 

1884, p. 78. 

*Db Bow Place, Pequannock township, Morris coanty. Never 
worked. Abandoned. 
Annual Report, 1878, p. 26. 

1879, p. 42. 

1880, p. 101. 
1884, p. 73. 

Lanaoan Mink, Peqaannock townahip, Morris county. Mine 
abandoned. 
Annual Report, 1878, p. 26. 
" 1879, p. 42. 

1884, p. 78. 

*jACZaoii, or PoMPTOw Mike, Peqnannock township, Morris coonty. 
Mine abandoned. 
Geology of New Jersey, 1868, p. 644. 
Annual Report, 1878, pp. 26, 27. 
" 1879, p, 42. 

" 1884, p. 78. 

De Bow Mine, Pequannock township, Morris coanty. Abandoned. 
Annual Report, 1873, p. 27. 

" 1879, p. 42. 

1884, p. 73. 

*Beah Lot, Pompton township, Morris county. Abandoned. 
Annual Report, 1879, p. 42. 
" 1884, p. 73. 
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Kahouse and Bbown Mines, Pompton township, PaBmio coout^. 
Abandoned. 
Geology of New Jersey, 186S, p. 545 (KaaouBe mine). 
Annuftl Beport, 1873, p. 28 (KAooiue mioe). 

1874, pp. 21, 22 (Brown mine). 
" 1880, p. 102. 

1884, p. 74. 

*SiX)AT Fakh, near Midvale, Pompton township, Passaic oonnty. 
Abandoned. 
Annual Report, 1884, p. 74. 

'"BuTiJBB MiNS, HobokoB townabip, Bergen county. Abandoned. 
Geology of New Jersey, 1868, p. 544, 
Annual Report, 1879, p. 42. 
" 1884, p. 74. 



PASSAIC BELT. 

'*'Labob Openiuqs, Clinton township, Hunterdon oonnty. Abao- 
doned. 

Annual Beport, 1S78, pp. 28, 29. 
1879, p. 48. 
1884, p. 74. 

Annandale, or Shabp Shaft, High Bridge township, Hunterdon 
oonnt^. Abandoned. 
Annual Beport, 1880, p. 102. 
1884, p. 74. 

High Bbidge, or Taylob Mine, High Bridge, Hunterdon ooanty. 
Abandoned. 
Geology of New Jersey, 1868, pp. 617, 618. 
Annual Beport, 187S, p. 29. 

1879, pp. 43, 44. 

1880, p. 102. 
1884, p. 74. 

" 1886, p. 148. 

*SiLVBRTHOBii, or Kean Mine, High Bridge township, Honteidon 
county. Abandoned. 
Annual Report, 1879, pp. 44, 45. 
1880, p. 102. 
" 1881, p. 87. 

" 1884, p. 74. 
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*£hoby Fa.bh, High Bridge township, Hunterdon county. Ahan- 
doned. 
Annual BepO't, 1S79, p. 45. 
" 1884, p. 75. 

*Shabp Fabm, High Bridge township, HuDterdon coanty. Aban- 
doned. 
Annual Beport, 1879, p. 45. 

1884, p. 75. 

Cbeaoeb Placs, High Bridge township, Hanterdon ooonty. 
Abandoned, 
Annual Seport, 1880, p. 102. . 

1885, p. 75. 

Old FiTBiTi.CE Mine, High Bridge township, Hunterdon county. 
Abandoned. 
Annual Beport, 1878, p. 29. 

1879, p. 45. 

1880, p. 102. 
1884, p. 75. 

CoEESBUBGH MiKE, Tewkfibury township, Hunterdon county. 
Abandoned. 
Annual Beport, 1873, pp. 29, 30. 
1884, p. 75. 

'BuRBiLL Fabm, Tewkebnry township, Hunterdon county. Opened 
in 1S78. Abandoned. 
Annual Beport, 1880, p. 102. 
1884, p. 75. 

♦SuTTOK Fabm, Tewksbary township, Hunterdon county. Aban- 
doned. 
Annual Report, 1873, p. 80. 
" 1879, p. 46. 

1884, p. 75. 

*Fisheb, or Fox Hill Mine, Tewhsbury township, Hunterdon 
oounty. Abandoned. 
Annual Beport, 1873, p. 30. 
" 1874, p. 22. 

1877, pp. 49, 50. 
" 1879, p. 49. 

1884, p. 75. 
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*Welch Fabh, Tewkabary township, Hanterdon connty. Aban- 
doned. 
AnDUftl Report, 1884, p. 76. 

*PoTTEBevil'LB, or Updike Fabm, Tewksbary township, Hontei^ 
don oonnty.. Opened in 1872 and 1873. Abandoned. 
Annual Report, 1884, p. 75. 

""Babtle Shaft, Tewkebniy township, Hanterdon coanty. Opened 
in 1872 and 1873. Abandoned. 
Annuiil Report, 1884, p. 76. 

*WoBTHAii Shaft, Chester township, MorriB oonnty. Absndoned.. 
Annual Report, 1884, p. 75. 

Lanqdoit Mine, Chester township, Morris county. ^'^Bodoned. 
L. W. Langdon & Son were the lessees. 
Annual Report, 1879, p. 46. 
" 1880, p. 103. 

1884, p. 75. 

1885, p. 97. 

1886, p. 146. 

PiTHEY MiiTE, Chester township, Morris coanty. Abandoned in 
1881. 
Annual Report, 1884, p. 75. 

*Rarick: Fabm, Chester township, Morris coanty. Never worked,. 
Annual Report, 1878, p. 31. 
1879. p. 46. 

1884, p. 76. 

Hacklbbasnby Mihes, Chester township, Morris oonnty. Active,. 

Oeologr of New Jersey, 1868, p. 657. 
Annual Report, 1873, pp. 36, 86. 

1879, pp. 47-49. 

1880, p. 104. 
" 1884, p. 75. 

1885, p. 95. 

1886, p. 142. 
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GtiuOK Fabm, Chester townebip, Mortia county. Abaadoned. 

AuDUftl Report, 1878, p. 36. 

" 1879, p. 49. 

" 1884, p. 76. 

'■ 1885, p. 98. 

1886, p. 142. 

CsEAGEB, or Peach Obchabd Ujne, Chester township, Morris 
ooonty. Abandoned in 1873. 
Annual Beport, 1878, pp. 3^, 37. 
1884, p. 77. 

Sedois Mine, Chester township, Morris connty. Idle in 1890. 
Abandoned. 
Annual Report, 1873, p. 87. 
1874, p. 23. 



IDiOEBBSON Faku, Chester township, Morris county. This prop- 
erty adjoins the Hedges on the northeast. The openioga 
are on the northwest range, and are reported as being 80 
feet deep. The shoots are said to be short. No work 
has been done since the panic of 1873. The engine and 
pnmpa have not been removed. Worked on a small scale. 
Resumed in 1890. 
Annual Report, 1878, p. 37. 
" 1884, p. 76. 

ToPFiNS Fabh Shaft, Chester township, Morris county. Aban- 
doned. 
Annual Report, 1873, pp. 32, 33. 

1879, p. 46. 

1880, p. 103. 
1884, p. 75. 

^UFSON MiNs, Chester township, Morris county. Abandoned. 
Oeolt^ of New Jersey, 1868, pp. 537, 538 (Skellenger). 
Annual Report, 1873, p. 33 (Skellenger). 
" 1880, p. 103. 

1884, p. 77. 
" 1885, p. 98. 
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Cbomwbll Mine, Chester township, Morris count}', known sinoe- 
as the Chesteb Hight^a.nd Mixe. Abandoned. 
Annual Report, 1886, p. 189. 
(See references under Sampson mine.) 

Hedges Fabm, Chester, Morris county. Abaodonecl'. 
Annual Beport, 1884, p. 78. 

I'Cbxaubb Fabh, Chester, Morris county. Never worked-. 
Annual Report, 1878, pp. 31, 3S. 

" 1884, p. 78. 

Hotel Pjiopebty, Chester, Morris connty. Abandoned. 
Annuat Report, 1873, p. 33. 
" 1879, p. 46. 

1884, p. 78. 

CoLUS Shafts, Chester, Morris county. Abandoned. 
Annual Report, 1878, pp. 31, 33. 
1884, p. 78. 

SwAYZB Mine, Chester township, Morris county. Abandoned 
about 1886. 
Arinual Report. 1878, pp. 38-35. 
1879, p. 47. 

1884, p. 78. 

1885, p. 98. 

1886, p. 151. 

CooPEB Mine, Chester township, Morris county. Abandoned: 
Annual Beport, 18T9, p. 47. 

" 1880, pp. 103, 123. 
" 1884, p. 78. 

1885, p. 99. 

1886, p. 140. 

*K£AN Mine, Chester township, Morris county. Abandoned. 
Annual Report, 1884, p. 79. 

^Sqtjieb's Mine, Chester township, Morris county. Abandoned. 
Annual Report, 1880, p. 103. 
1884, p. Tft 
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Leaks Mine, Chester towDsbtp, Morris county. This old mine 
was re-opened and worked in 1S82 by the late A. Beemer, 
of Dover. It reached a depth of 80 feet and the vein 
was reported to be five to eight feet wide. The northern- 
most openings are now known as Seellenobr's- Mine. 
They were going in 1881 and 1882. Abandoned. 

Geology of New Jersey, 1868, p. 658. 

Annual Report, 1884, p. 79. 

Bbeheb Mine, Chester township, Morris county. 
Annual E«port, 1886, p. 188. 

Oeorqb Shafis, Chester township, Morris county. Abandoned. 
Annual Report, 1881, p. 36 (Chester mine). 
1884, p. 80. 

Child Shaft, Chester township, Morris connty. Abandoned. 
Annual Report, 1884, p. 80. 

^Harden Fabh, Chester township, Morris county. Abandoned. 
Annual Report, 1873, p. 32. 

1884, p. 80, 

*WooDHnLi. Mine, Chester, Morris county. Abandoned about 
1883. 
Annual Report, 1884, p. 80. 

1885, p. 99. 

1886, p. 153. 

*BuDD Mine, Chester, Morris connty. Abandoned about 1883. 
Geology of New Jersey, 1868, p. 658. 
Annual Report, 1873, p. 82. 

1879, p. 46. 

1884, p. 80. 

*Qdimby'b Mine, Chester township, Morris connty. Abandoned. 
Annual Report, 1884, p. 80. 

*TiaBB'e Mine, Chester township, Morris oounty. Abandoned. 
Annual Report, 1884, p. 80. 

*Db Cahp Shaft, Chester township, Morris county. Abandoned. 
Annual Report, 1884, p. 80. 
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Daniel Hobton Mine, Cheater township, Morris ooiuitj. Aban- 
dooed. 
Annual Report, 18S4, p. 80. 

Babnes Mine, Cheater township, Morris ooanty. No work has 
been done at any of these localities since 1883. Aban- 
doned. 
For previous notee, see Geolt^ of New Jereey, 1868, p. 658, for 

Babnks; also. 
Annual Report, 1873, pp. 38, 30. 

1879, p. 49. 
" 1884, p. 80. 

*Lewib, or Hbbbick Mine, Randolph township, Morris oountj. 
Abandoned. 
Annual Report, 1878, p. 42. 
" 1879, p. 60. 

1884, p. 80. 

CouBS MiSE, Randolph township, Morris oounty. Abandoned. 
Geology of New Jersey, 1868, p. 550. 
Annual Report, 1879, p. 50. 

1880, p. 104, 
1884, p. 75. 

Thobp Mihe, Randolph township, Morris county. Abandoned, 
Annnal Beport, 1884, p. 80. 

*Hbndbb80N Mine, Bandolph township, Morris county. Aban- 
doned. 
Geology of New Jersey, 1868, p. 668. 
Annual Report, 1884, p. 80. 

Gboboe, or LoQAN Mine, Randolph township, Morris county. 
Abandoned. 

Qeolc^a" of I*ew Jersey, 1888, pp. 558, 559. 
Annual Beport, 1879, p. 49. 
1884, p. 81. 

David Hokton Mike, Randolph township, Morris oonnty. Aban- 
doned. 
Geology of New Jersey, 1868, p. 559. 
Annual Beport, 1878, pp. 89, 40. 
1879, p. 49. 
1884, p. 81. 
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*Db Habt Mute, Bandolph townahip, MornB ooanty. Abmctoiiect. 
Annual Report, 1SS6, p. 140. 

(Same as Lawrence mine.) 

^Lawrence Mine, Randolph towiudiip, Morris connty. Aban- 
doned. 
Geology of New Jersey, 1868, p. 659. 
Annual Beport, 1878, p. 40. 
■ " 1879, p. 49. 

" 1880, p. 104. 

1884, p. »1. 
(See De Hart mine.) 

Dalbymfle, or Cabbon Mine, Randolph township, Morris oooDty. 
Abandoned. Work at this locality was eospended in June, 
1882. It was worked by the Lehigh Crane Iron Company 
np to that date. 
Geolc^y of New Jersey, 1868, p. 659. 
Annual Bepoit, 1873, pp. 40,41. 
" 1879, pp. 49, 60. 

1880, p. 104. 
1884, p. 81. 

Tbowbbidge Mihe, Randolph township, Morris coonty. Aban- 
doned. 
Geolt^y of New Jersey, 1868, p. 559. 
Annnal Report, 1879, p. 50. 
1884, p. 81. 

Solomon Dalbyufle Place, Randolph township, Morris coanty. 
Abandoned. 
Annual Beport, 1884, p. 81. 

COOPEB Place, Randolph township, Morris county. Abandoned, 
Annual Beport, 1884, p. 81. 

Mcnson's Mine, Randolph township, Morris oonnty. Abandoned. 
Geology of New Jersey, 1868, p. 551 (Munson'e mine). 
Annual Report, 1879, p. 50. 
1884, p. 82. 

Van Doben Openings, Randolph township, Morris county. Aban- 
doned. 
Annual Report, 1879, p. 60. 
1884, p. 82. 
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' Bbyant Mine, Randolph township, Morris oounty. Abandoned. 
Geolc^y of New Jersey, 1868, p. 566. 
Annual Report, 1880, p. 104. 

1884, p. 82. 

1886, p. 138. 

OoNNOB FowLAND MiNE, Baodolpb township, Morris connty. 
Abandoned, 
Annual Report, 1884, p. SZ. 

Chakles Kiko Mine, Randolph township, Morris county. Aban- 
doned. 
Annual Report, 1884, p. 82. 

Kino Mine, Randolph township, Morris county. Abandoned. 
This mine was worked by John M. D. Barnes, under lease 
of A. Pardee, ap to January, 1S79. It has been idle since 
that date. 
Annual Report, 1884, p. 82. 

MoFabland Mine, Randolph township, Morris oounty. Aban- 
doned. This mine has been idle for years past. 
Annual Report, 1884, p. 82. 

EvEBS Mine, Randolph township, Morris connty. Abandoned. 
This mine stopped April, 1883. The last work done there 
was by the Sancon Iron Company. 
For notes of these five mines, see references as follows : 

Gool<^ of New Jersey, 1868, pp. 566, 567. 
Annual Report, 1878, p. 48. 

1879, p. 60. 

1880, p. 105. 
1884, p. 82. 

BficyTHERTON MiNE, Randolph township, Morris county. Aban- 
doned. The lease of the Brotherton mine was abandoned 
by the lessees, Messrs. PuUmaa & George, in 1882. No 
ore was mined or shipped during the year 1883. 
Geology of New Jersey, 1868, p. 567. 
Annual Report, 1879, p. 50. 
1880, p. 105. 
1884, p. 82. 
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Bybau Mine, Randolph township, Morris county. Opened pre- 
vioQB to 1854. Abandoned in 1882. 

Geology of New Jersey, 1868, pp. 567-569. 
Annual Report, 1873, pp. 43, 44. 

" 1879, p. 51. 

" 1882, p. 70. 



Bakeb Mine (SotrrHBABr), Mine Hill, Morris ooanty. Active. 

Geology of New Jersey, 1868, pp. 569, 570. 
Atinaal Report, 1879, p. 52. 

1884, p. 83. 

1886, p. 136. 

MiLLEN Mine, Mine Hill, Morris county. Abandoned. 
Geology of New Jersey, 1868, pp. 56i, 565 (Millen mine). 
Annual Report, 187», p. 51. 
18*), p. 105. 
1884, p. 88. 

Randall Hill Mine, Mine Hill, Morris county. Abandoned in 
1881. 
Geology of New Jersey, 1868, p. 570. 
Annual Report, 1879, p. 51. 
1880, p. 105. 
1882, p. 70. 
1884, p. 83. ' 

Jackson Hill Mine, Irondale, Morris county. Abandoned. 
Mentioned by £itoliell in 1854. 

Geology of New Jersey, p. 570. 
Annual Report, 1879, p. 51. 
1884, p. 83. 

Black Hilu Mine, Ferrotooot, Morris county. Abandoned. 
The Black Hills tnioe was worked under a leaae to A. 
Pardee until June, 1883. It is owned by the Diokereon- 
Suckasunny Mining Company. 
Annual Report, 1879, p. 51. 
1880, p. 105. 
" 1884, p. 88. 
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D1CKEB8OK Mine, Ferromont, Morris connty. Active. 
Geolc^ of New Jersey, 1868, pp. 57l>-574. 
Annual Report, 1879, pp. 51, 52. 
1880, pp. 105, 106. 

1884, p. 83. 

1885, p. 99. 

1886, p. 14a. 

*Canfield Phosphatic Ibon Oeb Deposit, Ferromont, Morris 
oDQOty. Idk. 
Annual Report, 1871, pp. 34-38. 
1879, p. 51. 
1884, p. 84. 

Canfield Mike, near Vannatta Station, Morris county. Aban- 
doned. 
Aauuat Report, 1873, pp. 42, 43. 

1879, p, 52. 
1884, p. 84. 

Bakeb Mine (in Swamp), Vannatta Station, MorriB county. Aban- 
doned. 
Annual Report, 1880, p. 106. 
1884, p. 84. 

Baker Mine (on Hill), Mine Hill, Morris county. Abandoned. 

Geology of New Jersey, 1868, p. 575. 
Annual Report, 1879, p. 52. 
" 1880, p. 106. 

1884, p. 84. 

Ibondale Mines, Irondale, Morris county. Abandoned. 
Annual Report, 1884, p. 85. 

1885, p. 100. 

1886, p. 145. 

Obchabd Mine, Port Oram, Morris connty. Active. 

Geology of New Jersey, 1868, p. 578. 
Annual Report, 1879, p. 54. 

1880, p. 106. 
" ■ 1884, p. 86. 

1885, p. 100. 
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Ebb Mike, west of Mine Hill, Morris county. Abandoned, 
Annual Report, 1884, p. 84. 

ScHUB Oak, or Dbll Mike, wat of Muse Hill, Morris oonnty. 

Idle. Owned by the Edison Company. They will pot 

np a nu^etio separating plant here. 
Geology of New Jersey, 1868, p. 596. 
Annual Report, 1873, p. 48. 

1879, p. 54. 

1880, p. 106. 
1884, p, 84. 

*J. D, Kiso Mine, near Port Oram, Morris oonnty. Abandoned. 
Anoual Report, 1873, p. 43. 
1884, p. 84. 

Johnson Hill Mine, near Port Oram, Morris oonnty. Aban- 
doned. 
Geology of New Jersey, 1868, p. 596. 
Annual Report, 1873, p. 46. 
" 1879, p. 54. 

1884, p. 84. 

HoFF Mine, near Port Oram, Morris county. This mine waa 
abandoned by the lessees, the Andover Iron Company, in 
July, 1883. 
Geolf^y of New Jersey, 1868, p. 597. 
Annual Report, 1878, p. 46. 

1879, pp. 54, 55. 

1880, p. 106. 

1884, p. 84. 

1885, p. 99. 

1886, p. 144. 

DOLAH MiHE, Mount Pleasant, Morris county. Abandoned. 
Annual Report, 1873, p. 46. 
1879, p. 55. 

1884, p. 85. 

1885, p. 100. 

1886, p. 141. 

Washington Foroe Mine, Port Oram, Morris county. Aban- 
doned. 
Annual Report, 1884. p. 86. 

1885, p. 100. 

1886, p. 147. 
(See Heodow mine.) 
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Oaohasd Mine, Fort Oram, Morris ^coanty. 
Annual fieport, 1886, p. 148. 

MoaNT Pleasaiit Mine, Mount Pleasant, Morris ooanty. Active. 

Geology of New Jersey, 1868, pp. 578-682. 

Annoal Report, 1873, p. 44. 

" 1879, p. 55. 

1884, p. 86. 

" 1885, p. 100. 

" 1886, p. 148. 

B1.KEB Mike, near Mount Pleasant, Morris county. AbandoDed. 
Geolc^y of New Jersey, 1868, pp. 582, 683. 
Annual Report, 1873, pp. 44, 45. 
" 1879, p. 65. 

1884, p. 87. 

HtTED MlNB, Fort Oram, Morris ooaaty. 
Annual Report, 1886, p. 145. 
(Also see under Irondale mines.) 

RtCHABD Mine, Mount Pleasant, Morris county. Active. Is 
working three slopes. 
Geology of New Jersey, 1873, p. •583. 
Annual Report, 1873, p. 45. 

" 1879. p. 55. 

" 1884, p. 87. 

" 1885, p. 101. 

1886, p. 149. 

Allen Mine, Rockaway township, Morris county. Abandoned. 
Geology of New Jersey, 1868, pp. 583-587. 
Annual Report, 1873, p. 45. 

1879, pp. 55, 56. 
1884, p. 87. 
" 1885, p. 101. I 



Tbabo Mine, Rockaway township, Morris oounty. Active. 

Geolt^y of New Jersey, 1868, pp. 587, 588. 
Annual Report, 1872, p. 45. 

1879, p. 56. 

1884. p. 88. 

1886, p. 101. 
" 1886, p. 161. 
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Mount Hope Mihbs, Mouqt Hope, Morria county. Active. 
Geolt^y of New Jersey, 1868, pp. 588-595. 
. Annual Report, 1878. pp. 45, 46. 

1879, p. 56. 

1880, p. 107. 
" 1884, p. 88. 
" 1885, p. 102. 

1886, p. 147. 

*Denxabe Mise, near Denmark, Morris county. Idle. Never 
operated to any great extent. 
aeology of New Jersey, 1868, p. 597. 
Annual Report, 1884, p. 88. 

'''Gbeenvillb Mine, Greenville, Rockaway township, Morris- 
county. AbaodoDed. Never operated. 
Annual Report, 1873, p. 48. 
1879, p. 68. 
1884. p. 88. 

CHBexBE Ikon Company's MrsES, near Denmark, Morris county. 
Six openings have been made on lands of this company at 
the foot of the Copperas Mountain range and north of Den- 
mark. The explorations have not led to active working,, 
in consequence of the necessity of cartage to railway points. 
Idle. 
Annual Report, 1873, p. 48. 
1879, p. 58. 
" 188*, p. 89. 

Pardee Mine, Rookaway township, Morria county. Abandoned. 
Annual Report, 1873, p. 48 (Pardee & Canfield's mine). 

1884, p. 89. 
" 1886, p. 149. 

WiNTEB Shaft, Rookaway township, Morris county. Abandoned. 
Annual Report, 1884, p. 89. 

1885, p. 102. 

1886, p. 153. 

iVENPOBT Mine, Rockaway township, Morris county. Aban- 
doned. 
'' Annual Report, 1880, pp. 122, 123. 

[ " 1884, p. 89. 
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Green Pond Mineb, Rockaway toTroBhip, Morris county. Idle. 
Probably abandoned. These mioee bave been idle during 
tbe year. 

Annual Report, 1873, pp. 48, 49. 
" 1874, pp. 28-25. 

1879, pp. 58-60. 

1880, p. 108. 
" ■ 1884, p. 89. 

1886, p. Ml. 

Howell Tbaot Openings, Rockaway (owoBbip, Morris Coonty. 
Abandoned. 
Annual Report, 1884, p. 89. 

1885, p. 103. 
" 1886, p. 144. 

£iTCHELL Tbact OPENINGS, Rookaway township, Morris oonnty. 

Abandoned. 

Annual Report, 1879, p. 60. 

), p. 108. 

.884, p. 89. 

885, p. 103. 

p. 146. 

Chabixxptebubgh Mine, Charlottebui^h, Morris county. Shut 
down in 1888. Has not been operated since. 
Geology of New Jersey, 1868, p. 596. 
Annual Report, 1878, p. 49. 

1879, p. 60. 

1880, p. 108. 
1884, p. 90. 

1886, p. 1S9. 

Swedes Mike, Rockaway township, Morris c*unty. Abandoned. 
Geol<^ of New Jersey, 1868, pp. 661-564. 
Annual Report, 1878, pp. 46, 47. 

1879, p. 56. 

1884, p. 90. 

SlOLER Mine, Rockaway township, Morris ooanty. Abandoned. 

White Meadow Mine, Rockaway township, Morris county. 
Abandoned. 

GiBB Mine, Rockaway township, Morris county. Abandoned, 
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Bea^OH Mine, Rockawsf townsliip, Morris count7. Idle. For 
notes of these four mines, see 
Geology of New Jersey, 1868, pp. 559, 560. 
Annual Report, 1873, pp. 46, 47. 
1879, p. 56. 

1884, p. 90. 

1885, p. 103. 
" ' 1886, p. 136. 

HiBBRNiA Mikes, Hiberoia, Morris oouaty. Actire, except the 
De Camp mioe. 
Geolc^y of New Jersey, 1868, pp. 561-564. 
Annual Report, 1878, p. 47. 

1879, pp. 56, 57. 

1880, p. 108. 

1884, p. 90. 

1885, p. 103. 

1886, p. 143. 

Beach Glen Mines, Rockaway township, Morris oonnty. Idle. 
Geology of New Jersey, 1868, pp. 554-556. 
Annual Report, 1879, p. 57. 

1884, p. 91. 

1885, p. 104. 

1886, p. 136. 

Mbriden Mine, Meriden, Morris county. Abandoned. 

*JR,iQHTEB Mine, near Meriden, Morris coanty. Abandoned. 

Cobb Mine, end of Splitrock pond, Morris county. Abandoned, 
These mines have been idle for several years, 
Geolc^y of New Jersey, 1868, p. 556 (Ueriden mine). 
Annual Report, 1873, p. 47. 

1879, p. 57. 

1880, p. 108. 
1884, p. 91. 

Sflitbock Pond Mine, at head of Splitrock pond, Morris county. 
Abandoned. 
Annual Report, 1873, pp. 47, 48. 
1874, p. 28. 

1879, pp. 57, 58. 
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*W00D Mine, north of Splitrock pond, Bockaway township, Morris 
coanty. Abaadooed, 
Annual Beport, 1883, p. 118. 
" 1884, p. 91. 

"^BOTTS Mike, Rockaway township, Morris county. Abandoned. 
Annual Report, 1884, p. 91. 

RocKAWAY Valley Mine, Rockaway township, Morris county. 
Abandoned. 
AQQual Report, 1884, p. 91. 

Decree Fabu Opening, Rockaway township, Morris ooanty. 
Abandoned. For notes of Botts, Rockaway Valley and 
Decker mines, see . 
Annual Report, 1873, pp. 49-51. 

1879, p. 60. 

1880, p. 109. 
1888, p. 119. 
1884, p. 91. 

^GouLD Mine, Rockaway township, Morrb county. Abandoned. 
Annual Report, 1884, p. 92. 

Pike's Peae: Mine (Stony Brook mine), Rockaway township, 
Morris county. Abandoned. 
Annual Report, 1884, p. 92. 

*RiGHTBB Lot Opening, Rockaway township, Morris county. 
Abandoned. For Gould, Pike's Peak and Righter mines, 
see 
Qeolc^ of New Jersey, 1868, p. 556 {Stony Brook mine). 
Annual Report, 1873, p. 51. 

1876, pp. 54, 55 (Stony Brook mine). 

1879, pp. 60, 61. 

1880, p. 109. 
" 1884, p. 92. 

"'Vbbel&.nd Mine, near Charlottebargh, Pasuio county. Aban- 
doned. 
Annual Beport, 1879, p. 61. 
1884, p. 92. 
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Wanaqub Minbb, Fompton township, PasBaio county. Wa» 
re-opeued ia 18S6. Idle sinoe. 
Geology of New Jersey, 1868, pp. 646, 54fi {Wynolcie). 
Annual Report, 1878, p. 62 (Wynokie). 
1884, p. 92. 
1886, p. 152. 

*Tellinqton Mine, Fompton tovnehip, Passaic county. Aban- 
doned. 
Annual Report, 1884, p. 92. 

*Rheinsh]th Mine, Fompton township, Passaic oonnty. Aban- 
doned. 
Annual Report, 1884, p. 92. 

"Monks Mine, Pompton township, Passaic oounty. Abandoned. 
Annual Report, 1873, p. 62 (Monks mine). 

" 1874,pp.26,26(TelHngtonmine,Rhein8mitlifaTin]. 

1879, p. 61. 
1884, p. 92. 

^'Wbiqhtneous Mine, west of Monks Station, Passaic ooanty. 
Abandoned. 
Annual Report, 1881, p. 36. 
1884, p. 92. 

BoABD Mine, near Monks Station, Pompton township, Passaic 
county. Abandoned. 

Annual Report, 1873, p. 62. 

1879, p. 61. 
1884, p. 92. 

RiNQWOOD Mines, Ringwood, Pussaic county. Active. 

Geol(^ of New Jersey, 1868, pp. 646-560, 
Annual Report, 1873, pp. 52-54. 

1880, p. 109. 
1884, p. 92. 
1886, p. 160. 
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Haoeb Mine, Holland township, Hunterdon county. Abandoned. 

^DuCKWOBTH Ofbkings, Holland towoebip, Hunterdon county. 
Abandoned. i 

*Blooh Fa.bh, Holland township, Hanterdon ooanty. Abandoned. 

""Mabtin Fabm, Alexandria township, Hunterdon county. Aban- 
doned. For notices of the above mines, see 
Annual Beport, 1875, p. SS (Bloom). 

1879, p. 62, 63. 

1880, p. 109. 
" 1884, p. 93. 

■^ Petty Fabm, Bethlehem township, Hunterdon oounty. Aban-' 
doned. 

*Wbiqht Fabm, Bethlehem township, Hunterdon county. Aban- 
doned. • 

^Cajbe Fabm, Bethlehem township, Hunterdon county. Abandoned. 
For notices of the above three mines, see 
Annual Report, 1880, p. 128. 
1884, p. 93. 

Chubch, or Van Syckle Mine, Brihlehem township, Huoteidoo- 
county. Abandoned. 

Geology of New Jersey, 1868, p. 616. 
Annual Report, 1873, p. 55. 
1879, p. 65. 

1884, p. 94. 

ToBKEY Hill, or Wsffr End Mines, Bethlehem township, Hun- 
terdon oounty. Abandoned. 

Annual Report, 1884, p. 94. 

1885, p. 104. 
" 1886, p. 162. 
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Sttayzb Mine, near Valley Station, HaoterdoD oonnty. Aban< 
doned in 18S9. 
Annoal Beport, 1874, p. 27 (Broderick and Harria mines). 

1879, pp. 63. 64. 

1880, pp. 109, 110. 
" 1884, p. 94. 

^Alpattoh Farm, Bethlehem township, Hunterdon county. Aban* 
doned. 

♦Wildcat Mike, Bethlehem township, Hunterdon county. Aban- 
doned. 

"'RoDEKBAUGH MiNE, Bethlehem township, Hunterdon county. 
Abandoned. References for these three localities iu 
Annual Report, 1879, p. 65. 
1880, p. 110. 
" 1884, p. 94. 

AsBUSY Mine, Bethlehem township, Hunterdon county. Aban- 
doned. 
Geology of New Jersey, 1868, p. 617. 
Annual Keport, 1879, pp. 65, 66. 

J880, p. no. 

1884, p. 95. 

^Miller Fabm, Bethlehem township, Hunterdon coun^. Aban- 
doned. 
Annual Eeport, 1879, p. 66. 
1884, p. 95. 

Mabbbby Pi.ace, Bethlehem town^ip, Hunterdon county. 
Abandoned. 
Apnual Keport, 1873, p. 56. 

1879, p. 66. 

1880, pp. 110, 124. 
18M, p. 95. 

*Banghabt's Mine, Lebanon township, Hunterdon oranty. 
Abandoned. 
Geolc^y of New Jersey, 1868, p. 617. 
Annual Keport, 1879, p. 66. 
1884, p, 95. 
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*EvEh\ND MmE, Glen Qardner, HanterdoD county. Abandoned. 
Annual E«port, 1880, pp. 110, 124. 

1884, p. 95. 

*Tebrabekry Mine, White Hall, Hunterdon county. Abandoned. 
Annual Report, 1879, p. 66. 
" 1884, p. 95. 

Alvah Gba.y, or Sand Flats Mine, White Hal), Hunterdou' 
county. Abandoned. 
Annual Report, 1873, p. 66 (Pritte Furm). 
1879, p. 66. 
" 1880, p. 124. 

" 1884, p. 95. 

♦White Hall (Feitts Fabm), White HaU, Hunterdon county.. 
Abandoned. 
Annual Seport, 1873, p. 56. 
1884, p. 95. 

*OABTirEB Farm, Lebanon township, Hunterdon county. Aban- 
doned. 
Annual Report, 1873, p. 56. 
" 1879, p. 66. 

1884, p. 95. 

*Mattibok Openino, Andersontown, Hunterdon county. Aban- 
doned. 
Annual Report, 1880, p. 124. 
' 1884, p. 95. 

Hunt, or Pidoock Mine, Lebanon township, Hunterdon connty.. 
Abandoned. 
Annual Report, 1873, p. 58. 

1879, p. 66. 

1880, p. HI. 
1884, p. 95. 

♦Shabp's Mine, Pleasant Grove, Scbooley's Mountain, Morris- 
ooDuty. Abandoned. 
Annual Report, 1879, p, 66. 
1884, p. 95. 
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Hann Mike, Pleasant Grove, Scbooley's MoantaiD, Morris ooanty. 
Abandoned . 
Annual Report, 1873, pp. 56, 57. 
" 1879, pp. 66, 67. 

" 1880, p. 111. 

1884, p. 95. 

^Debbenbeboeb Farm, Schooler's Mountain, Morris coonty. 
Abandoned. 
Annual Report, 1884, p. 96. 

SroirTENBUBaH Mine, Scbooley's Mountain, Morris ooonty. 
Abandoned. 
Annual Beport, 1878, pp. 57, 58. 
1879, pp. 67, 68. 
" 1880, p. 111. 

1884, p. 96. 

FiSHEB, or Beattyestowk Mine, Scbooley's Moaotab, Morris 
county. Abandoned. 
Geoli^y of New Jersey, 1868, p. 618. 
Annual Beport, 1879, p. 68. 

" 1884, p. 96. '. 

Mabsh's Mike, Scbooley's Mountun, Morris ooaaty. Abandoned. 
• ' Geology of New Jersey, 1868, pp. 618, 619. 
Annual Beport, 1879, pp. 68, 69. 
1884, p. 96. 

'*DiCKiiJ80N Mine, Scbooley's Mountain, Morris county. Aban- 
T doned. ' 

AiAiual Report, 1884, p. 96. 

*'HuNT Fabm, Scbooley's Monntain, Morris county. Abandoned. 
Annual Beport, 1879, p. 69. 
1884, p. 96. 

'''Lake Farm, Scbooley's Mountain, Morris county. Abandoned. 
Oeol(^y of New Jersey, 1868, pp. 619, 620 [Dickinson mine). 
Annual Beport, 1879, p. 69. 
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. ITAUaHRiGHT Mine, near Naughrightville, Morris ootinty. Aban- 
doned. 
Annu&l Report, 1873, pp. 58, 59. 

1878, pp. 99, 100. 

1879, p. 69. 

1880, p. 111. 



"^Shabp Fjlbm, Schooley's Mountain, Washington township, Morris 
oouaty. Abandoned. 

'^Ra.btck Fabh, SchooleT's Mountain, Washington towtiship, Morris 
\ oouoty. Abandoned. 

"^HoPLEB Fabh, Schoolej's Mountain, Washington township, Monris 
county. Abandoned. For notes of Sharp's, Karick and 
Hopler, see 
Annual Report, 1873, p. 58. 
" 1879, p. 69. 

1884, p. 96. 

"^PoOLB Place, near Draketown, Schooler's Mountun, Morris 
oounty, Aboodoned. 
Annual Report, 1880, p. 112. 
1884, p. 96. 

=*Shott8E TniTiTEL, east of Hackettstown, Morris county. Aban- 
doned. 
Annual Report, 1884, p. 97. 

Cbameb Mine, east of Hackettstown, Morris county. Abandoned. 

Annual Report, 1877, p. 49. 
1879, p. 70. 
1884, p. 97. 

^Appleqet Fabh, Mount Olive township, Morris county. Aban- 
doned. 
; Annual Report, 1880, p. 125. 

" 1884, p. 97. 

Smith's Mine, Mooat Olive township, Moms county. Abandoned. 
Geology of New Jereey, 1868, pp. 620, 621. 
Annual Report, 1879, p. 70. 
1884, p. 97. 
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La. WRENCH Mine, Monnt Olive township, Morris ooanty. Aboti- 
dooed. 
(See Mount Olive mine.) 

MouHT Olive Mthe, Mount Olive, Morris ooanty. Abandoned. 
Geology of New Jeraey, 1868, p. 601. 
AoDual Beport, 1873, p. 59. 

" 1879, pp. 70, 71. 

" 1880, p. 112. 

. " 1884, p. 97. 

" 1886, p. 148. 

Sui/^HAH Mine. See above. Abandoned. 
Annual Beport, 1886, p. 151. 

Drake's Mine, Mount Olive, Morris county. Abandoned. 
(See Church mine.) 

Osborn's Mine, Mount Olive, Morris county. Abandoned. 
(See Church mine.) 

Hilt's Mine, Mount Olive, Morris county. Abandoned. 
(See Church mine.) 

Chubch Mine, Mount Olive, Morris county.^Abandoned. 
Geology of New Jersey, 1868, pp. 699-601. 
Annual fieport, 1873, p. 69. 
" 1879, p. 71. 

1884, p. 97. 

King Mine, near Drakevllle, Morris ooanty. Abandoned. 
(See High Ledge mine.) 

High Ledge Mine, near Drakeville, Morris county. Abandoned. 
Annual Report, 1879, p. 71. 

" 1880, pp. 124, 126. 

1884, p. 97. 

*Mabiot*b Mine, near Shippenport, Morris county. Abandoned^ 
Annual Report, 1884, p. 98. 

Gove Mine, near Drakeville, Morris county. Abandoned. 
Annual Report, 1879, p. 71. 
" 1880, p. 112. 
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BuHT MiBE, Drakeville, Morris county. Abandoned. 
Annu&l R«port, 1883, p. 128. 
1884, p. 98. 

'SiLVEB Spbino Mike, Morrie county. Abandoned. 
Annual Report, 1883, p. 128. 
1884, p. 98. 

*Davespobt Mine, near Berkshire valley, Morris county. Aban- 
doned. 

Geology of New Jersey, 1868, p. 602. 
Annual Report, 1884, p. 98. 

*Li£B View Mine, Morris county. Abandoned. 

Annual Report, 1883, p. 129. 

1884, p. 98. 

Nolahd's Mine, Lake Hopatcong, Morris county. Abandoned. 
Geology of New Jeraey, 1668, p. 603. 
Annual Beport, 1884, p, 98. 

HuBD Mine, Hurdtown, Morris oounty. Active. 

Geology of New Jeraey, 1868, pp. 606-610. 
Annual Report, 1873, p. 65. 

" 1879, p. 72. 

" 1884, p. 98. 

1885, p. 105. 

1886, p. 144. 

Loweb Weldon Mine, JefTerBon township, Morris county. Active. 
Annual Report, 1873, p. 66. 

" 1879, p. 72. 

1884, p. 98. 

WeiJ)ON Mine, Jefferson township, Morris county. Active. 
Geolt^ of New Jeraey, 1868, pp. 610-612. 
Annual Report, 1873, p. 65. 

1879, p. 72. 

1880, p. 112. 
1884, p. 98. 
1886, p. 152. 
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DoDOB Mine, Jefferson township, Moiria oonotj. Abandoned. 

Geology of New Jersey, 1868, p. 614. 
Annual Report, 1879, p. 72, 
1880, p. 112. 
" 1884, p, 99. 

FoBD Mine, Jefferson township, Morris oouaty. Abandoned. 
Geology of New Jersey, 1868, pp. 614-618. 
Annual Beport, 1878, p. 66. 

1879, p. 72. 
" 1880, p. lis. 
" 1884. p. 99. 

1885, p. 106. 
" 1886, p. 141. 

ScoFiEZj) Mine, Jefferson towuBhip, Morris oonnty. Abandoned. 
This mine oonti&ues to be worked hy the Lehigh Crane 
Iron Company, David Jenkins, eaperiutendent. 

Geology of New Jersey, 1868, p. 616. 

Annual Report, 1879, pp. 72, 73. 

1880, p. 113. 
" 1884, p. 99. 

1885, p. 105. 

1886, p. 151. 

*GoBLE Mike, Jefferson township, Morris connty. Abandoned. 

^'BoBS Mine, Jefferson township, Morris ooimty. Abandoned. 

*Fbasbb Mine, Jefferson township, Morris county. Abandoned. 

^DuFFEB Mine, Jefferson township, Morris county. Abandoned. 

^SHONauH Mine, Jefferson township, Morris ooanty. Abandoned. 
For notes on the Boss, Gioble, Fraser and Shongam, see 
Geol(%y of New Jersey, 1868, pp. 612-614. 
Annual Report, 1873, p. 62. 
1884, p. 100. 

*MiN£ NEA.B WooDPOBT, Morris county. Abandoned. 
Annual Report, 1884, p, 100. 

*Cline Openings, Pohatcong Mountain, Franklin township, Warren 
county. Abandoned. 
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*8hith Opesisob, Pohatcong Mountain, Franklin towoahip, Warren 
coantjr. AbandoDcd. 

♦Dean OpBNiNas, Pohatcong MountMn, Franklin township, Warren 
county. Abandoned, For above three mines, see 

Annual' Heport, 1879, p. 73. 
1884, p. 101. 

*Carteb Mine, near Stewartavillc, Greenwich township, Warren 
county. Abandoned. 
Annual Report, 1880, p. 125 (" Willever & Godfrey mine "). 
1884, p. 101. 

*Chapin and Lohhasson Tunnel, near Oxford Furnace, Warren 
oonnty. Abandoned. 
Annual Report, 1873, p. 60. 
" 1884, p. 101. 

*Lanning Mine, near Oxford Furnaoe, Warren county. Aban- 
doned. 
Annual Report, 1873, p. 60. 
1884, p. 101. 

OxpoBD FuBNACE MiNES, Oxford Furnace, Warren county. 
Washington and Slope iN'o. 3 active. 
Geology of New Jersey, 1868, pp. 637-640. 
Annual Report, 1878, p. 61. 

1879, pp. 74, 96. 
" 1880, p. 118. 

1884, p. 101. 

1885, p. 105. 

1886, p. 149. 

♦Cbbaqeb Mine, near Port Murray, Warren county. Abandoned. 

♦Mitchell Mine, near Port Murray, Warren county. Abandoned. 

♦Johnson Shafts, near Port Murray, Warren county. Abandoned. 

♦Stephenson Mine, near Port Murray, Warren county. Aban- 
doned. Notes of Port Murray mines in 
Annual Report, 1873, pp. 61, 62. 
1879, p. 75. 
~ " 1880, p. 113. 

" 1884, p. 102. 



itizedByGOOgle 



lie ANNUAL REPORT OF 

*Bai.d Pate Mine, north of Port Murray, M'tmsfield township, 
Warren county. Abandoned. . See Egbert Charch mine. 

*Shajbb, or Welch Place, north of Port Murray, Mansfield 
township, Warien county. Abandoned. See Egbert 
Church mine. 

Egbebt Church Mike, north of Port Murray, Mansfield town- 
ship, Warren county. Abandoned, 
Geology of New Jeraey, 1868, p. 624 {" Bald Pate mine "). 
Annual Report, 1873, p. 62. 

" 1879, pp. 76, 76. 

1880, p. US. 
1884, p. 102. 

*Seasle Mine, Independence township, Warren county. Aban- 
doned. 

Geology of New Jersey, 1868, p. 624. 
Annual Report, 1884, p. 102. 

*Babkbb, or BuLQiN Mine, near Vienna, Warren county. Aban- 
doned. 
Annual Report, 1882, p. 72. 
" 1884, p. 102. 

^Buck's Hill Openinos, near Hackettstown, Warren county. 
Abandoned. 

*Day Mine, near Haokettetown, Warren county. Abandoned. 

*Fbacb Fabu, north of Hackettstown, Warren county. Aban- 
doned. 

*YouKG Fabh, north of Hackettetown, Warren county. Aban- 
doned. 

*Pyle Fakm, north of Haokettstown, Warren county. Abaadoned. 

*AxFORD Fabm, north of Haokettetown, Warren oonnty. Aban- 
doned. 

*Bbyant Mine, near Warrenville, Warren county. Abandoned. 

'^EzcEUSiOB Minx, Allamuchy townehij^ Warren county. Aban- 
doned. 
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*EnBEKA MiNB, AUamuchy township, Warren ooanty. Abandoned. 

*Tuiiii80N Place, AUamuchy township, Wnrretf county. Aban- 
doned. 

♦WiSTERMUTE Faem, AUamuohy township, Warren county. Aban- 
doned. 

Haqqekty's Mxhb, Allamucby township, Warren ooanty. Aban- 
doned. 
For the above twelve mines, see 
Annual Report, 1873, pp. 63, 64. 

" 1876, p. 52 (Haggerty'e mine). 

1879, p. 76 (Haggerty'e mine). 

1880, p. 127 (Wintermute's farm). 
" 1884, p. 103. 

Bbooepield, or Waterloo Mdite, near Waterloo, in Warren 
county. Abandoned. 
Geology of New Jersey, 1868, pp. 826-628. 
Annual Report, 1878, pp. 64, 65. 
1879, p. 76. 
" 1884, p. 103. 

*Fbehchxi's Place, fiyram township, Sussex oounty. Abandoned. 
Annual Report, 1873, pp. 66, 67. 
1879, p. 77. 
" 1884, p. 103. 

Smith, or Cascade Mine, Byram township, Sussex county. Aban- 
doned. 
Annual Report, 1873, p. 66. 
1879, p. 77. 
" 1884, p. 103. 

""Allis Openikqb, Byram township, Sussex oounty. Abandoned. 
Annual Report, 1873, p. 66. 
" 1879, p. 77. 

1884, p. 103. 

Hdde, or Stahhopb Mine, Stanhope, Suaeex oounty. Active. 
Geology of New Jersey, 1868, pp. 622, 623. 
Annual Report, 1873, p. 67. 

1879, pp. 77, 78. 
" 1880, p. 114. 

1884, p. 103. 
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Wbioht, or Bddd Mine, north of Stanliope, Sussex ooooty. Aban- 
doned. 
Annual Report, 1879, pp. 78, 79. 
1880, p. 114. 



^Silver Mine, near Stanhope, Byram township, Sussex county. 
Abandoned. 

'Hagoebty Mine, near Stanhope, Bjram township, Sussex coanty. 
Abandoned. 

Lawbencb Mike, near Stanhope, Byram township, Sussex ooonty. 
Abandoned. 
Notes of these mines in 

Geology of New Jersey, 1868, pp. 621, 622. 
AoDUal Report, 1873, p. 67. 
" 1884, p. 108. 

*Law80N Opening, near Byram cove, Byram township, Sussex 
oounty. Abandoned. 
Annual Report, 1880, p. 127 (Lawlees). 
1884, p. 104. 

Gappney Mine, Byram township, Sussex county. Abandoned. 
Annual Report, 1879, p. 79. 
1884, p. 104. 

SiCKLEB Mine, Byram township, Sussex county. Abandoned. 
Annual Report, 1873, p. 67, 

1879, p. 79. 

1880, p. 116. 
1884, p. 104. 

*Suerhan Fash Openings, east of Sparta, Sussex county. Aban- 
dooed. 
Annual Report, 1879, p. 79. 
1884, p. 104. 

*Bdneeb Fabu Openings, east of Sparta, Sussex county. Aban- 
doned. 
Annual Report, 1879, pp. 79, 80 (Sherman and Bunker). 

" 1884, p. 104. 
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OoDEN Mines, Sparta township, Sassez county. Not active at 
present. Bought hj the Edison Magnetic Separating Oom- 
pany. A lai^ and expensive plant is erected here for 
concentrating and miniog iron ore. 
Geology of New Jersey, 1868, pp. 631, 632. 
Annual Report, 1878, p. 68. 
1879, p. 80. 
" 1880, p. 115. 

1884, p. 104. 

*Gbeeb Fabm Openings, HardTston township, Sussex county. 
Abandoned. 
Annual Report, 1879, p. 80. 
1884, p. 104. 

•Hopewell Fobqb Tract, Hardyston township, Sussex county. 
Abandoned. 
Annual Report, 1873, p. 68 (Oreer and Hopewell). 
" 1879, p. 80. " 

1881, p. 38. " 
1884, p. 104. 

Canibtear Mine, Vernon township, Sussex county. Idle, 

♦Tracy and Crane Farms, Vernon township, Sussex county. 
Abandoned. 

•Hehdebson' Fabm, Vemon township, Sussex county.. Abandoned. 

For notes of these three localities, see 

Annual Report, 1873, p. 70. 

" 1879, p. 80. 

" 1880, p. 115. 

1884, p. 104. 

Williams Mine, Williamsville, Vernon township, Sussex county. 
Abandoned. 
Annual Report, 1873, p. 70. 
" 1879, p. 80. 

1884, p. 105. 

♦RnTHGRFOKD Tbaot Opbninos, Veruon township, Sussex oounty. 
Abandoned. See Rutherford Tract Openings, West 
Milford. 



mzed By Google 



120 ANNUAL REPORT OF 

*HuNT Tract Opbkingb, Vernon township, Saaaex county. Aban- 
doned. 
Annual Report, 1873, pp. 70, 71 (Rutherford and Hunt). 
" 1879, p. 80 (Rutherford and Hunt). 

1884, p. 105. 

Wawayanda Mine, Vernon township, Sussex county. Aban- 
doned. 

Gbeen Mine, Vernon township, Suaeex ooanty. Abandoned in 
1888. These mines of the Thotu&s Iron Company have 
been described in 
Geology of New Jersey, 1868, pp. 632-637. 
Annual Report, 1873, p. 71. 
" 1880, p. 115. 

1884, p. 105. 

Layton Mine, near New Milford, in Vernon township, Sussex 
oounty. Abandoned. 

*KlMBLE Fabm Shapis, Dear Stockholm, West Milford township, 
Pasaaio ooanty. Abandoned. 

•Bddd & Hunt Teact Openings, West Milford township, Passaic 
county. Abandoned. 

♦RuTHBBPOBD Tbactt OPENINGS, West Milford township, Passaic 
county. Abandoned. 

Clinton Tract Mine, near Clinton, West Milford township, Pas- 
saic ooanty. Abandoned. 

♦Wallace Mine, north of Clinton, West Milford township, Passaic 
county. Abandoned. 

♦Utter Mine, Uttertown, West Milford township, Passaic county. 
Abandoned, No reports of the working of any of these 
localities during the year have been received. They are 
in the nature of explorations rather than productive mines. 
For notices in previous annual reports, see following : 
Annual Report, 1873, pp. 68, 69. 
1879, pp. 81, 82. 
1884, p. 106. 
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Wbllikq Mine, near Greenwood, West Milfoid townahip, Faseaio 
coaDt7. Abandoned. 
AnnuKl Report, 1876, pp. 52, 53. 
" ■ 1879, p. 81. 

1880, p. 116. 
1884, p. 105. 

<^EiiTENNiAx, or Squieb's Mine, near State line, West Milford 
township, Paseaic county. Abandoned. 
Annual Report,- 1876, pp. 63, 54. 

" 1879, p. 82. 

1880, p. 116. 
" 1884, p. 105, 



PEQUEST BELT. 

SCHDLEB Mine, Oxford township, Warren county. Abandoned. 
Annual Heport, 1873, pp. 72, 73. ■ ■ 

1879, p. 82. 

1880, p. 116. 
1884, p. 106. 

KoeEBEBBY Mine, Oxford townstiip, Warren county. Abandoned. 

Annual Report, 1873, p. 73. 

" 1879, p. 82. 

" 1880, p. 116. 

1884, p. 106. 

Babtok Mine, Oxford township, Warren coonty. Abandoned. 
Annual Report, 1878, p. 73. 

1879, pp. 82, 83. 
" 1884, p. 106. 

Shobicaker Fabm, Oxford township, Warren ooimty. Active. 
Annual Report, 1878, p. 74. 

" 1879, p. 88. 

1884, p. 106. 

Redbll Mine, Oxford township, Warren county. Abandoned. 
Annual Report, 1873, p. 74. 
1879, p. 83. 
" 1880, p. 116. 

1884, p. 106 (mddle). 
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Lrm^E MiNB, now Fellows Mine, Oxford township, Warrea 
coonty. Active. 
Annual Report, 1878, pp. 74, 7S, 
1879, p. 88. 
" 1884, p. 106. 

QuEEK Mine, Oxford township, Warren coantj. Active. 
AdduoI Report, 1882 (Queen mine). 
1884, p. 106. 

^OsmJiT FiACE, Oxford township, Warren ooant^. Abandoned. 
Annual Report, 1882, p. 78. 

1884, p. 106. 

1885, p. 106. 

Ravb Fabu, Oxford township, Warren oountj. Is being opened. 
Annual Report, 1878, pp. 75, 76. 

1879, p. 88. 
1884, p. 106. 

Pequest Mine, Oxford township, Warren oountf. Abandoned. 
Annual Report, 1878, pp. 76-78. 

1879, p. 88. 

1880, p. 116. 
1884, p. 106. 

"'HoiT Farm, Oxford township, Warren county. Abandoned. 
Annual Report, 1878, pp. 79-81. 
1879, p. 83. 
1884, p. 106. 

♦Smith Faem, Hope township, Warren county. Abandoned. 
Annual Report, 1878, p. 81. 
" 1882, p. 78. 

" 1884, p. 106. 

•Deata Place, Hope township, Warren county. Alwndoned. 
Annual Report, 1878, p. 81, 82. 
1882, p. 78. 
" 1884, p. 106. 

♦Hendbbshot, or Hoaoland Place, Hope township, Warren 
ooanty. Abandoned. 
Annual Report, 1879, p. 83. 
" 1880, p. 127. 

1884, p. 107. 
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Coo£ Fash, Hope township, Warren conaty. Abandoned, 
Annual Report, 1881, p. 87. 

1882, pp. 73, 74. 
1884, p. 107. 

KiSHPAUOH Mine, west; of Danville, Warren oonnty. Is being; 
re-dpened. 
Annual Report, 1878, pp. 82-84. 

1879, pp. 83, 84. 

1880, p. 117. 

1884, p. 106. 

1885, p. 106. 

1886, p. 145. 

♦CoBLKS Faem, Hope township, Warren county. Abandoned. 
Anoual Report, 1882, p. 74. 
" 1884, p. 107. 

*lNSCHOvr Lot, Hope township, Warren county. Abandoned. 
Annual Report, 1878, p. 61. 
1879, p. 84. 
1884, p. 107. 

*Stiff Faru, Hope township, Warren coanty. Abandoned. 
Anoual Report, 1873, pp. 84, 85. 
1884, p. 107. 

•PoTTEE Fahm, Independence township, Warr^ county. Aban- 
doned. 
Annual Report, 187S, p. 85. 
" 1879, p. 84. 

1884, p. 107. 

*3tiit80N Farm, Independence township, Warren county. Aban- 
doned. 
Annual Report, 1879, pp. 84, 85. 
" 1881, p. 87. 

1882, p. 74. 
1884, p. 107. 

*Gaebison Farm, Independence township, Warren county. Aban- 
doned, 
Annual Report, 1873, p. 85. 

1881, pp. 87, 38. 
1884, p. 107. 



itizedByGOOgle 



.124 ANNUAL REPORT OP 

Davis Mine, Indepeadenoe townsltip, Warren ooanty. AbaadoDed, 
Annuftl Bepott, 1873, p. 85. 
1881, p. 81. 

1884, p. 107. 

■*Albbbt80K Place, Independence township, Warren •onnty. Aban- 
doned. 
Annual Report, 1873, p. 85. 
1884, p. 108. 

'*Shaw's Mine, Independence township, Warren county. Aban- 
doned. 
Geoli^y of New Jersey, 1868, pp. 659, 660. 
Annual Report, 1872, p. 18. 
" 1884, p. 108. 

(HoWKLL Farm, Independence township, Warren county. Aban- 
doned. 
Annual Report, 1873, pp. 85, 87. 
" 1878, p. 101. 

1884, p. 108. 

'^Cabboli. Place, Independence township, Warren county. Aban- 
doned. 
Anou^ Report, 1873, p. 87. 

" ■ 1884, p. 108. 

'*Gbbbh Place, Independence township, Warren county. Aban- 
doned. 
Annual Report, 1882, p. 74. 
" 1884, p. 108. 

'*CuHHiNS Mine, Independence township, Warren county. Aban- 
doned. 
Annual Report, 1881, p. 88. 
■' 1884, p. 108. 

'^Aykbs Place, Independence township, Warren oonnty. Aban- 
doned. 
Annual Report, 1681, p. 38. 
1884, p. 108. 
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*ScHABFFEB Fabh, lodependeooe towoHbip, Warrea county. Aban- 
doned. 
Annual Report, 1873, p. 87. 
" 1880, p. 127. 

" 1884, p. 108. 

*Marihg Place, Allamncby townehip, Warren county. Aban- 
doned. 
Annual Report, 1884, p. 108. 

*'HiBL£B, or Litesey's Shaft, Allamucby townabip, Warren county. 
Abandoned. 
Annual S«port, 1878, p. 87. 

" 1879, pp. 85, 86. 

1880, p. 117. 
1884, p. 108. 

♦Wihtermutb'b Opbhinq, Allamucby townsbip, Warren couDty., 
Abandoned. 
Annual Report, 1680, p. 127. 
" 1884, p. 108. 

^Haoqsbty's Diggings, Allamucby townsbip, Warren county.. 
Abandoned. 
Aunual Keport, 1878, pp. 87, 88. 

1876, p. 52. 
1879, p. 86. 
1884, P..108. 

*Gi.ENi>09 Mine, Green township, Sussex county. Abandoned, 
Annual Report, 1S73, p. 88. 
1884, p. 108. 

McKeait, or Bird Mine, Byram townabip, Sussex county. Aban- 
doned. 
AuDual Report, 1874, pp. 28, 29. 
1879, p. 86. 
" 1880, p. 118. 

1884, p. 108. 

*BYfiRLY Opbnings, Byram township, Sussex conoty. AbandoDed.. 
Annual Report, 1879, p. 66. 
1884, p. 108. 
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BOBBVILLE Mine, BTram towaship, Sossex county. Abandoned. 
Geolc^ of New Jeraey, 1868, pp. 628-681. 
Annual Report, 1873, p. 88. 

1880, p. 118. 

1884, p. 109. 

Andovbr Mink, Andover, Sussex oonnty. Abandoned. 
Geolc^y of New Jersey, 1868, pp. 640-657. 
Annual Report, 1873, p. 88. 

" 1884, p. 109. 

Snu>HU£ Hill Mine, Andover, Sussex county. Abandoned. 
AddusI Report, 1873, p. 88. 

1879, pp. 86, 87. 
" 1880, p. 118. 

1884, p. 109. 

Tar Hill Mine, Andover township, Susaez county. Abandoned. 
Geology of New Jersey, 1868, p. 657, 
Annual Report, 1880, p. 118. 
" 1884, p. 109. 

^Longoobe's Mine, Andover township, Sussex county. Aban- 
doned. 
Geolt^y of New Jersey, 1868, pp. 657, 658. 
Annual Report, 18^4, p. 109, 

Stibling Hill Mine, Sparta township, Sussex county. Aban- 
doned. ' 
Annual Report, 1877, p. 62. 

" 1879, pp. 87, 88. 

1880. p. 118. 
" 1884, p. 109. 

Hill Mike, Franklin Fumaee, Sussex county. Abandoned. See 
below. 

FoBHAcE Vein Mine, Franklin Fumaoe, Sussex county. Aban- 
doned. 
Geology of New Jersey, 1868, pp. 658, 659. 
Annual Report, 1878, p. 88. 

1879, pp. 88, 89. 

1880, p. 118. 
1884, p. 108. 
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"^Gbbbn's Minb, Veroon township, SusBez ooaoty. Abandoned. 
Se« below. 

*Biiu> UiKB, Yernon township, SosBez county. Abandoned. 
Notes of these two mines in 

Qeologj of New Jersey, 1868, p. 660. 
Annual Report, 1879, p. 89. 
1884, p. 109. 

^Carey Minb, West Milford township, Passaio county. 
Anniud Beport, 18S6, p. 188. 
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GEOLOGICAL WORK IN THE SOUTHERN 
PART OF THE STATE. 

TEBBACE FOaMATIONB OP THE ATLANTIC COAST AHD ALOKG THB 
DELAWARE BIVER. 

BY C. W. OOMAK. 



Tbe following notes on tiie field-work of the fcll of 1890 are 
submitted. Attention was chiefly directed to the 8tiid7 of (1) the 
sediments overlying the upper marl bed in eastern Monmouth county ; 
(2) evidences of former shore lines above the present sea-level ; (3) 
the gravel of the Trenton terrace. 

STRATA OYXRLYIHG THE UPPER HABI, BED. 

The most complete series is that shown in the beach bluff at Long 
Branch, south of the pier, in which the following beds appear, in a 
descending order from top of bluff. 

1. Reddiah-yellow, loamy sand 2 feet. 

2. Yellow gravel, intermixed with loam 6 fe«t. 

8. Clean, white gravel and sand 6 feet. 

4. Thin band of red clay.. S to 5 inches. 

5. Banded yellow and gray clay S to S} feet. 

6. Dark-blue clay 2 feet. 

7. Dark-brown, shaly clay, not plastic 1 foot. 

The marl is not seen in tbe bluff, but is exposed at extreme low 
tide over an area »f thirty or forty feet. 

None of these strata are uniform for any considerable distance, 
except the lowest, designated as brown shaly clay, which is found 
wherever tbe upper marl is exposed, immediately overlying the latter, 
except at the Farmingdale pit, where a bed of pebbly clay, about 
eighteen inches in thickxieas, is interposed. 

9 (129) 
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In the Long Branch section the lliioknees of the gravel Btratam 
yariee from twelve fert to a diaoontinaoaB film. The yellow banded 
and black days are seen to merge into each other latently in several 
plaoee, and both are replaced for a distance of abont forty yards by a 
very sandy, gray clay. 

The marl exposed on the beach at low tide must belong to the 
middU marl bed, as the single, marl fossil foond here on the beach 
(whiofa mnst have been washed froip this outcrop), Terdiratula Har- 
lani, JB not foand in the npper marl. Moreover, the observed dip of 
the npper marl bed wonld not bring it down to sea-level at this point, 
while that of the middle bed would. 

The complete stratigTaphy of the formations overlying the apper 
marl cannot here be given, but as their lowest member, t}ie brown 
clay shale (" Brown Astringent Clay " of the *' Report on Marls "), 
is seen to rest directly upon both the middle and the upper marl beds, 
they overlap the latter, and are presumably uooonformable to it. 

Foatib. — The black clay exposed at Long Branoh ia literally filled, 
in many places, with plant impressioDS. From two looalitiea on the 
beac^ were secured a number of impressions of shells of lamelli- 
branchs, representing four spedes. 

The brown clay shale at Long Branch yielded to search, only some 
bita of lignite ; but from the same stratum near Farmingdale, where 
the ^Freehold and Jamesbnrg railroad oroesee a little branch of Min- 
gumhone brook, were secured & namber of casts of gasteropoda and 
lamellibranchs, representing probably four or five species. These have 
not yet been determined. 

EVIDENCES OF FOBMEB SHOBE LIME9 ABOVE TBE FBESEHT 
SEA-LEVEL. 

These are, in general, wave-cut and wave-built terraces, lines of 
dunes, linear areas of cleanly-Washed sand, representing old beaches, 
and elevated shell beds, or other remains of marine life. 

As a terrace is a level-topped step, or shelf, cut into or built upon 
the face of a slope, it follows that it becomes a distinguishable feature 
of the topography of a shore only where the latter is bounded by 
clifis, or at least presente a telerably abrupt face on which the waves 
may act. 

The Atlantic coast region of this Stete is generally level and low. 
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The sarfwe materials are, moreover, for the most port inooherent bedcI 
^j>d gravel,. or aoft claTS, eaailj yielding to aabaerial eroeioD. Henoe, 
^though isolated terraces have been noted at difFerent levels along the 
portion of the coast studied, no continuoos shore line, or series of 
terraces which coatd be properly correlated as such, has yet been 
traced. The ehore-tevels most distinctly indicated are tliree in num- 
ber ; the first at about ten feet, another bdween thirty and forty feet, 
■«nd the third at about sixty feet above the present mean tide-level. 
There are other &iDt and doabtfol indications of terraces at levels inter- 
mediate between those named, showing that while the elevation of the 
land was intermittent, halting a little at eaah of the main terrace- 
levels, it was but slightly so, the whole uplift being gradual and elow 
-enough t^ allow a continuous wave record. 

The ten-foot shore line is best dispUyed near Keyport, on the road 
4>etween Lookport and Union, Here a beach, marked by low dunea, 
the outline of which is approximately indicated by the ten-foot contour 
line, is evident to the most caaoal glance for a distance of about half a 
mile and may be traced southward into the village. 

Shells of Modiola pliaeUula, ifyUltu eduiU, Maoira tolidianma, 
Vemua meroenaria, Mya armaria and others, all recent species, are 
abundant on the surface. From one-half to three-quarters of a mile 
-of salt marsh and low-lying upland separates this beach from the 
present shore. At Old Bridge, on South river, the same level is 
marked by a sand flat and slight terrace on both sides of the river 
-near the railroad and wagon bridges. The low sand flats on the north 
and east sides of the Navesink Highlands appear to have been formed 
-at this stage, as were also a number of short terraces at the foot of the 
low blu&B bordering the Navesink river, between Oceanic and Red 
£ank. South of the Navesink river no distinct indications of a shore 
at this level were noted, except on the Manaaquan river. On the 
south aide of the river, near the railroad bridge, is a plainly- marked 
bench on about the line of the ten-foot contour, which may be traoed 
at intervals up the river until it merges into the present flood plain of 
the stream. 

The thirty to forty-foot levels are marked by a nnmerons series of 
terraces, extending from the S.aritan river southward, many of which 
are dearly cut and easily rect^nizable, but their testimony is some- 
what invalidated by their general lack of true beach deposits, the 
duaterialB of which they are composed differing in no way from that 
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of the adjacent terranee. The only stretch resembling a beach at this 
level is along the northern side of Ramson's Neck, between Red Bank 
and Fair Haven, where the red sand has been washed free from the 
stain of iron oxide and left of a white or light-yellow color. This 
strip of light-colored sand, which has an average breadth of about 
one hundred yards, seems pretty clearly to mark a former beach, but 
it is not at this point associated with any distinct terracing. 

The terraces at about this level are many. On the southeastern 
extremity of the point between Lawrence brook and the Raritan river 
is a clearly>marked thirty-foot bench. About a mile northwest iioia 
the village of Washington, near the road leading to New Bmnswick,. 
the cretaceous clays have been cut into a very uneven terrace which 
appears to have been formed at several anocesaive levels. 

The whole valley of the South river, nearly up to Helmetta, i» 
marked I^- indistinct temoes up to about the forty-foot contour. 
Above this line rise irregnlarly-oontoured, gravel-oapped hills ; below 
it smooth terraces, and bottom lands are chiefly composed of fine 
sandy loam, probably washed down from the gravel beds of the 
higher ground and deposited in tlie vat«r which then filled tfae valley 
up to the height of the upper terraces. 

The eastern face of tlie Navesink Highlands is very steep, and must 
have been, before the formation of the Navesink beach, or when the 
latter was submerged, exposed to the full force of the Atlantic, and 
accordingly we find its profile notched by wave-cut terraces at both 
the thirty to forty-foot, and a little abovQ tJie sixty-foot level.. 
Near the seathem extremity of the Highlands the lower terrace only 
is visible. This can be traced around to the Navesink river, along 
which benches occur as &r as Red Bank, which is built on a ter- 
race fiat at this level. A terrace at the same level across the river 
from Red Bank may be seen from the Long Branch railroad at thi» 
point. Along the south side of Rumson's Nei^, a possible indication 
of a shore line is the sudden crowding of the contoors above the 
thirty-foot line, but no terracing could be made out here. 

Between Deal Beach and the Manuqaan river the sea-shore is bor- 
dered by a nearly level plain, from one and a half to two miles 
broad, which terminates abruptly against the highlands to the west- 
ward. The base of the high ground lies pi«tty uniformly betweeo 
thirty and forty feet above the sea, but not invariably so, for the 
gently-sloping plain rises in places to about seventy feet. 
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The sorfaoe of the plain is in part a e&aij loam and in part gravel, 
the dietribntion of the two haviog no apparent reference to the rela- 
tive elevations of the tracts on which they oocar. The hills are 
'Capped by a thick stratum of yellow gravel, beneadi which are fine 
fiaud and sandy clay ; but the soil of the uplands also is in places a 
fine loam, free from gravel. 

If the upward limit of the coaet plain was determined by a sea- 
level, we should find a line of beach sand add gravel and shells at 
that height. These do not occur. The base of the hills and the 
immediate plain are variously sandy, gravelly and loamy, like the 
rest of the plain ; the only shells seen are occasional oyetee and olam 
shells dropped upon the surface by maa and fiah-eating birds. 
Nevertheless, it is not easy to explain the peculiar topography with- 
out appealing to sea-shore action as a cause. 

The higher shore line, that lying at about the sixty-foot level, or 
between sixty and seventy feet, left its most distinct record on the 
promontory of the Highlands of Navesink, which is terracefl on the 
-east side near the Navesink lights, and on the north side from Nave- 
unk Park pier eastward about a mile. Along this northern face, 
however, there has been a land slip, to which the ternoed appearanoe 
is in part due. On the western side of the Highlands, this level ia 
traceable on both sides of Claypit creek, for a short distance soutb- 
'Csst of the village of Atlantic Highlands, and on the north side of 
the Navesink river, near the Atlantic HighUnds branch of the New 
Jersey Southern railroad. The Manasquan river is terraced, not 
very distinctly, from Brielle, near the inlet, up as far as Fairfield, 
and the major part of the benchings fall at about the sixty to seventy- 
foot level, although the thirty to forty-foot shore line is also repre- • 
«ented, and the present flood plain of the river forms a still lower 
fleiies. 

The flat-topped plateau south of Shark river, near New Bedford, 
may owe its form to this stage. In addition to those mentioned there 
are stream-formed terraces on most of the brooks and rivers of this 
r^on — one on Swimming river, south of Leedsville, the upper 
margin of which is thirty feet above the sea ; on Hop brook, near the 
mouth of Willow brook, about fifty feet high ; on Nut Swamp brook, 
about two miles from Bed Bank, and on Lawrence brook, between 
the New Brunswick water-works pumping station and Milltown, 
aeveral ranging from thirty to forty feet above sea-leveL 
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It mtLj be objected that the most of these terraces are along stream 
valleys, or at least re-entrants, and not on salients where wave-cuttiiig- 
18 likely to have been most active, and that moreover they do not 
show characteristic beach deposits, such as lines of cleanly-washed 
sand and gravel, and shells, and that therefore they may all have been 
formed by the progressive catting down of the stream-bedB, while th& 
land and sea maintained the same relative attitude as at present. 
Such an objection would be a valid one as uTged against the testimony 
of most of the examples given, but the beach near Keyport and the 
terraces scored on the face of the Navesink Highlands have no con- 
nection with stream valleys, and aie incontestable evidence that the 
sea has stood, relatively to the land, ten, thirty to forty, and sixty to 
seventy feet, respectively, higher than at present, within a period so 
recent as to allow the preservation of the features peculiarly liable to 
rapid deetraction under ordinary snbagrial erosion. 



THE TBENTOH GRAV£L. 

The city of Trenton is built partly upon a terrace of river gravel. 
This is the most recent of the gravel depoeita of the Delaware valley. 
Its limits on the New Jersey side of the river, in the vicinity of Tren- 
ton, have been traced out, and fonnd to agree almost exactly with the- 
course of the sixty-foot contour line except where that turns back 
along the various affluents of Assanpink creek. It forms an emhay- 
ment, three miles wide at the river, extending nearly to Port Mercer, 
and bounded everywhere by higher ground, composed of older and 
different gravels. The Delaware and Raritan canal runs cloee along^ 
the western margin of the terrace, nearly to Baker's Basin. 

The section at the gravel-pit of the Pennsylvania railroad at 
Trenton shows the terrace to be composed of coarse sand and well- 
roanded pebbles of sandstone, quartz, granite and gneiss, syenite, 
limestone, chert, &c , the most abundant being dark-gray sandstone. 
The gravel is coarse, the pebbles averaging larger than an egg, and 
boulders of two and three feet in diameter are not uncommon. The- 
largest noticed was a nearly rectangular block, measuring eleven feet 
in length by about four feet square at the lai^er end. Borne of the 
boulders retain &int traces of grooves and scratches, such as are oom- 
monly found on glaciated rocks. There is very little of the clay- 
element present 
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WitiuD Uie areas of the Treoton terrace are sevoal small eleva- 
tions rising above the sixty-foot line. The gravel of these is of a 
different character &om that of the terrace, being chiefly qnartz and 
qnartzite, stained exteriorly by oxide of iron to an orange-yellow hae. 

As the terrace gravel overlies this yellow gravel', the latter mnst be 
the older. These enclosed areas of yellow gravel, then, were islands 
in the waters in which the terrace was formed. 

On the east side of the Delaware the Trenton gravel does not 
extend south of the Trenton embayment — that is, about three miles 
sonth of the State House — but on the Pennsylvania side it covers the 
wide area included within the great bend in the river ^ Bordentown, 
and extends in a narrower strip to below Philadelphia. 
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WATER-SUPPLY AND WATER-POWER. 



BY a C. TBBHEULE. 



SiDoe it8 ioceptioa the Survey lias included the valoable hydnuUio 
T^ourc^ of the State among the uatural sources of wealth which 
it was designed to aid in the development of. In the Geology of 
Kew Jersey, 1868, a stiort chapter was devot«d to the sabjeot, and 
several analyses of rirer and well-waters published. In every annual 
report since 1874, it has received some attention; more and more as 
the growth of our city population has ooutinued at a rapid rate, and 
the demand for a lai^r and better supply of water consequently 
increased. Then, too, our State and local Boards of Health have 
become vigilant and critical, and a more general observance of sani- 
tary laws has caused the rejection of sonroes onoe considered 
adequate. The completion of the Top(^;raphio Survey having fur- 
nished the fundamental data — a full knowledge of the character and 
size of the water-sheds of our streams — it is now possible for us to 
pursue the study of these resources more intelligently, and conse- 
quently to a better purpose than heretofore. 

The remarkable increase of our urban population was eufSdently 
shown in the chapter on Population, of the Physical Description of 
1888. The Annual Beport for 1889 called attention to the wide- 
spread inquiry, on the part of our cities, for better and more abuu> 
dant sources of water-supply. 

These facte, the increasing demand and the facilities now afforded 
for a more thorot^b study of the subject, have pointed out that the 
time is ripe to take up a fuller investigation than the Survey has 
heretofore fonnd it practicable to make. 

In undertaking this t&sk we have fully appreciated its magnitude, 
and the impossibility of collecting the large amount of precise data 
which a typical scLentific iuveatigcttion and discussion would demand. 
To illustrate, one eminent hydraulic engineer, whose advice was 

(1371 
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Boaght, remirked that what was reallj needed for a stndy of stream- 
&OWB, was a continnons ganging of the streams by self-recording 
gauges, and synchronous rainfall observations, also continuous, by 
self-recording gangee. This work of itself was not so far beyond 
our reach, and 8a<^ gangings of a number of typical streams would 
be of inestimable value to science, if oontlnned for a period of ten or 
fifteen years. In fact, there are few more attractive fields for scien- 
tific investigation, and few which would yield greater returns for the 
outlay, than this of stream-flow, evaporation and rainfall. The 
far-reaching importance of such a study may be suggested in the 
course of this report. 

But, however^deeirable it may be, refinement like thia would caU 
for corresponding breadth and accnracy of research in other direc- 
tions, and would carry as far beyond the scope of this investigation 
and the means for carrying it forward. 

The policy of accepting and making the utmost of the means at 
hand, which has always been pursued in the work of the Survey^ 
while it may not always have rendered the attainments of an ideal 
possible, has fi^quently led to results which have, for many purposes, 
been quite as valuable. In the absence of time and means to make- 
our investigation a typical one, therefore, we have proceeded with a 
view to produdng such practical, economic resnlts as we believe to be- 
most needed for present use. 

In the first place, steps were taken to avail ourselves of all that 
had beea done elsewhere in .this line, which would apply to our con- 
ditions. The collection of all possible data as to the peculiarities of 
onr own streams, by such methods as were within our reach, was next 
b^nn. Gauges were set np on several streams, and readings taken 
daily, or oftener when practicable ; and a careful examination and 
inquiry in the field b^un, so as to avail ourselves of the experience 
of local observers whose familiarity with the phenomena of flow for 
long periods often enabled them to furnish much information which 
could be collected in no other way. 

By such means as these a mass of valuable data as to the volume, 
rate and duration of fiood-flows, and the least flow durii^ protracted 
droughts, has been collected during the year.' Continuous series of 
gangings have been secured for the Faulinskill, Mosconetcong^ 
Ramapo, Passaic, Rahway, Raritan and Great Egg Harbor rivers for 
nearly a year, and on the Fequest for eight montLs, or enough to show 
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its marked Bimilarity to the PKulioBkill. A. three-months' series oa 
the Upper Rookaway, with occasioDal gauginga for the rest of thft 
year; a four-months' series on the Wanaqae; six months on the 
Peqaannock ; several gaagings of the Sockawaj, at Boonton, of the 
Assanpink and the Bancocas have also been obtained. Od the Passaio 
it was fonnd that the Messrs. Beattie, at Little Falls, had kept a 
record of the height of water on their stone dam from June, 1888^ 
np to date. They kindly famished ns this valuable record and vol- 
unteered to keep it np, with such modifications as we suggested. This 
record on our most important stream has been utilized by measuring 
up the dam carefully and computing the discharge for each day. 
These gaugings are all necessarily approximate. So far as the appli- 
cation of proper fonnala and eompntation of discharge is concerned, 
the error is believed to be oonfined to within ten per cent, in all caaee,. 
and within five per cent, in casee of important eenes. 

The aim has been, in cases where there was any uncertainty, to- 
keep within the truth ; and it is not at all probable that any excess is^ 
shown in any result, excepting the separate computations of flood- 
Bows, where, in order to obtain the full maximum, the largest resalt 
was always taken ; since the movement of flood-masses is such that 
discharges are usually in excess of the results of ordinary formulae^ 
The water-sheds and points of ganging are shown on the acoompany- 
ing map. A fall canvass of the water-powers of the State has been 
undertaken and completed for the State, as far sonth as the southern 
limits of the Baritan water-shed. The Maurice river and Great Egg- 
Harbor water-sheds, and most of the Ranoooas, in Southern New 
Jersey, have also been canvassed. This work has been done in con- 
junction with the above-mentioned studies and inquiries as to flood, 
dry-season and ordinary flows, and other phenomena of the streams. 

The primary object of this work is the investigation of the watar- 
snpply resources of the State ; but the subject of water-power is so- 
closely allied that the two are advanti^eonsly conpled, and the avail- 
ability of the streams for water-power, and the extent to which they 
are used for this purpose, will be made an important part of the 
inquiry. 

The recent improvement of water-powers, and installation of 
several admirable plants, show that attention has onoe more been 
called to the value of this kind of power. The abandonment of 
water-powers once nsed for driving the many iron foi^ ee of Morris- 
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couDty, and the saw-mills all over the State, leads some to believe 
that the ase of water-power has proven unprofitable. A moment'e 
thought will show that iratei>power was not at fault in the matter. 
Blast furnaces had made forges unprofitable with aaj kind of power ; 
the destrnction of the forests had made sawmills unnecessary, or else 
had made it necessary to go to points remote from, the streams and set 
up steam mills where the timber was. There is a change going on in 
the business of making feed and fiour also. Like everything else, it 
is being concentrated in large establishments, and small, poorly- 
equipped grist-mills are being driven out of business. From these 
-causes a large number of small water-powers are being abandoned. 
Being scattered widely over the country they attract attention, and the 
natural inference is that water-power is falling into disuse, whereas, 
the fact is, there is a larger amount of such power now in use in the 
State than ever before. It is oonceatrated, and latter and more effi- 
cient powers are being constructed to take the place of the small, 
abandoned ones. A single water-power plant such as that of the 
Dundee Water- Power and Land Company, at Passaic, is equal to all 
-of the abandoned forge-powers in the State. The two efficient plants 
recently erected on the Muscon^oong by the Warren Paper Company, 
■with 700 net horse-power, are eqilal in power to thirty of the aban- 
doned saw-mill powers. Water-power is not falling into disuse in 
New Jersey ; on the contrary, it is being used more efficiently than 
-ever before. The cordial sympathy and interest which the owner? 
-and users of water-power have shown in our work, and the eabetantial 
-aid which they have given, show that they feel the need of such an 
investigation «e has been undertaken. 

The above-mentioQed coosiderationa, and the fact that the inoreas- 
ing nse of electricity and possibilities of electric transmission of 
power are opening up new fields for its use, make the time peculiarly 
auspicious for laying before the public a statement of our water- 
power resources, and calling special attentioo to our large, undeveloped 
{lowers. 

The writer wishes to acknowledge bia indebtedness to Mr. William 
E. Worthen, Past President of the American Society of Civil Engi- 
neers; Mr. Samuel McElroy, C.E. ; and Mr. Lebbeus Ward, C.E., 
■of liie Board of Managers of the Geological Survey. These wdl- 
known hydraulic engineers have given cordial support to the work, 
hy furnishing valuable data and advice. I also wish to acknowledge 
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the service rendered by the varioua mill-owDers, where gaugings have 
been made, and to the gauge recorders, whose interest and oo-operation 
have rendered it possible to do much which would otherwise have had 
to remain undone. These gentlemen are mentioned later os, where 
the results of gaugings are taken np and discaesed. 

It must be remembered that at tfae date of preparation of this- 
report of prt^ess, much of tfae data is sttll incomplete. All of it is 
very recently in hand, too recently for any full disouseion of it,, 
consequently the present paper must be taken simply as preliminary. 
The studies are unfinished, but they are far enough advanced to make 
their publication desirable. Criticism which has for its object the 
improvement of the final results, and which keeps in view the limited' 
means for the accumulation of data, will be cordially welcomed. 



SYNOPSIS OP PBOPOeSD INVBBTIGATION. 

After some preliminary study and consultation the following was- 
agreed upon as an outline of the scope of tfae investigation : 

1. A study of stream-flows, ioolndiDg an investigation of a system 
by which the low-season and ordinary flow of a stream may be safely 
deduced from the records of monthly rainfall, with the oolleotion and 
discussion of gaugings of typical stream s, and of flood and minimum- 
flows. 

2. Description of the various water-sheds, and computations of their- 
ordinary and dry-season flows, in order to determine their adaptation 
to use for power and the supply of towns. 

3. Deep and shallow well-suppliea ; their proper utilization and< 
development. A review of the existing wells and of tfae results of 
well-driving in the State. 

4. Quality of waters: A collection of chemical analyses audi 
microscopic examinations of the surface and well-waters, in order to- 
determine their fitness for domestic or manu&oturing uses. 

5. A review of existing systems of water-supply, oousideriog 
sources, methods of utilizing and consumption. 

6. The water-powers of the State, (a) A list of powers in use,, 
with a classification by parpoees to which tfaey are applied. (6) A 
list of important undeveloped powers, with computations of the' 
amount of poWer which may be successfully utilized. 

7. In order to enable us to direct our reeearofaes intelligently, and 
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confine invesUgatiou to places where its atilization will be sonetioned 
bj law, a compilation of •decisions of the ooUrts of the State affecting 
the ownership and use of rights in water ia under preparation. As it 
will undoabtedly be acceptable to users of water in this connection, it 
will be incorporated with the report. 



THE FLOW OF STB&AMS. 

The work of the year has been mainly directed to the stndy of 
stream-flows. This sabjeot is a most important one, and is beset with 
many difficulties. Data are scarce and difficalt to obtain. We cannot 
hope to get anything like an adequate series of gaugings of our own 
streams in time to make it the basis of these researches ; consequently 
it has been necessary to gather everything that has been done in 
ganging streams in this latitude, resembling our own more or less 
closely, and base our studies upon these, endeavoring to get gainings 
cf onr own streams long enough to establish their resemblance or dif- 
ference to those streams of which we have gaugings. 

The waters of the earth are taken up by the process which we call 
evaporation and formed into clouds, to be again predpitated to earth 
in the form of rain or snow. Thos onr streams are supplied from 
month to month. Of the water which falls upon the basin of a 
stream, a portion ia evaporated directly by the sun ; another laige 
portion is taken up by plant growth and mostly transpired in vapor ; 
still another portion, large in winter but very small in summer, finds 
its way over the surface directly into the stream forming surface or 
flood-flows ; finally another part sinks into the ground to replenish 
the great reservoir from which plants are fed and stream-flows main- 
tained during the periods of slight rainfall, for the run&Il is fre- 
quently, for months together, much less than the combined demands 
of evaporation, plant-growth and stream-flow. These demands are 
inexorable, and it is the ground storage whic^ is called upon to 
supply them when rain fails to do so. 

It is very difficult to obtain accurate or even approximate measure- 
ments of the amount of diese several demands. We have measure- 
ments of evaporation from water-surfaces, but there is very little 
water-surfiice exposed on our water-sheds, so we have measurements 
of the amount taken up by various kinds of v^etation, but our areas 
are of a mixed character and it is not always possible to apportion 
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■them properly among the varions crops. The measuremeats of evap- 
oration from the groond oome the nearest to what we need, bnt few of 
these have been made with oeoeesary preoautions to secure exactly the 
«ame conditions which exiat in oatore. Nevertheless, these observa- 
tions are very suggestive, and some of the results are here repioduoed. 
The following is Eialer's table of dfuly consumption of watqr for 
<liffereDt crops, quoted in an article on irrigation by W. Tweed- 
dale, O.E. (Kansas State Board of Agriculture Beport, December 
■31et,1889): 

Lacarn graflS from 0.134 to 0.287 

Meadow grass from 0.122 to 0.287 

Oats from 0.140 to 0.193 

Indian com ~ - from 0.110 to 1.570 

Cilover from 0.140 to 

ViDeyard from 0.085 to 0.081 

Wheat from 0.106 to 0.110 

Eye from 0.091 to 

Potfttoea from 0.038 to 0.055 

Oak trees .' from 0.088 to 0.030 

Fir tiees - from 0.020 to 0.043 

From theee and other obeervations, Mr. Tweeddale oonoladee that 
from seed-time to harvest cereals will take iip fifteen inches of water 
And grasses thirty-seven inches. These conclusions agree with prac- 
tice in irrigation, and show plainly that the demands of plant-growth 
cannot be ignored in tracing the disappearance of rain. The figures 
-also explain the low summer flow of streams flowing from a highly- 
cultivated water-shed. They do not neceesarily explun the effect of 
forests in regulating flow, since many water-sheds, although cleared of 
trees, are not put under cultivation but still show some change in 
£ow. The action of forests is probably lai^ely to retard suriace-flow 
by means of irregnlai surfaces, caused by roots, fallen timber, absorb- 
ent mosses and leaf aocumulatioo, thus holding the water until it can 
be taken into the ground. This is not mere theory ; it is based on 
obeervatioDa made during many days spent in the forest, and is 
believed to almost if not fully account for the better-sustained flow of 
forest streams and their lighter flood-flows. 

Evidently, if all of our water-shed should be covered with grain 
and heavy grasses, there would be very little water left ibr the sus- 
tenance of stream-flow during the summer. Fortunately, a much 
smaller proportion is so covered than is usually supposed, even in 
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agricultnnil sectionB. Somerset countj is a highly- cultivated section 
of the red aandstoae plain, I have made an estimate of the pro- 
portion of the total area given to varioos crops, based on census 
%ares, and the proportion of wooded area his been measured. Of 
the total area, 13 per cent, is wooded in large tracts, and 7 per cent, 
has .been added for scattering timber, the remainder being devoted to 
general farming. 

PBBCBNTAG& OF ABEA5 DEVOTED TO VA.BIOUS CBOPS IN aOUEBSBT 
COUKTT, WITH QUANTITY OP WATBE BEQUIBED FOB EACH. 





1" 




Crop. 


Ji 






20 
20 
11 
05 
17 
15 
05 
07 


1.2 
3.5 
4^ 
1.2 
6.0 
6.0 
3.0 
4.0 


0.24 
0,70 
0.49 
0.06 
1,02 
' 0.75 
0.15 
0.28 












Orchards, &0. 




Total 


100 




3.69 



This gives a fair idea of the allowance which must be made for 
v^etation, although it is only a rough approximation. To thia 
most be added something for extra evaporation from crop areas. 
This demand for 3.7 inches of water per month may be considered 
practically a constant one for the growing-months. It is to a lai^- 
degree independent of the rainfall, and in fact a lai^e part of the 
evaporation is also independent of rainfall, 

Somerset county has been selected as a type of the lai^er part of 
OUT red sandstone plain, viz., that part lying southwest of the glacial 
moraine which passes through Morristowa, Plainfield and Perth 
Amboy. 

As a type of our Highland and Kittatinny valley region, Sussex, 
connty may be taken in the same way. 
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PEBCBNTA.QB OF ABBA DEVOTED TO VABIOUS CHOPS IN SUSSEX 
OOUHTY, AMD QUAimTY OF WATER BEQOIBED FOR BACH. 





h 


WATER REQUIRED IN 


Ceop. 


j| 






50 
02 
05 
09 
03 
24 
01 
06 


1.2 
5.0 
4.5 
3.6 
6.0 
5.0 
1.2 
4.0 








Indian corn " 




Other cereals 




Long grosses 


0.18 






Fallow land 

























The Southern Kew Jersey agricultural oonnties will not differ very 
materially from Somerset county, while the piny r^iou will only call 
for about one inch of water per month for plant growth. The evap- 
oration there is lai^, however ; much greater than in Northern New 
Jersey, as we shall see when the study of the streams is taken op. 

It would be difiGealt to determine just how much evaporation will 
take plaoe in addition to the water demanded by plant growth. It ia 
hardly probable that it is nearly so lai^e as the evaporation from 
bare ground, and, for the heavier absorbents and closer-growing crops, 
such as long grasses and clover, there is probably no additional evap- 
oration. Far more reliable data as to the loss of rain on water-sheds 
of a given type could be gathered by systematic gauging and rainfall 
observation. 

The following tables of evaporation are copied from Mr. Fanning'a 
valuable treatise on Water-Supply Engiueering : 
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EVAPORA.TION FBOH WATER AT ElfDRUP, DENMARK. 
Latitude, SB" 41' N.; Longitude, 12° 34' E. from Greenwich. 



Yeak. 


1 


1- 
1 


1 


1 


i 


1 


i- 




1 


1 


i 
1 


J 


1 


1849 


in. 
1.1 
1.1 

0.6 
0.7 
0.5 
0.5 
1.0 
0.5 
0.7 
0.4 
0.3 


0.3 

0.3 
0.4 
0.6 
0.1 
0.9 
1.1 
0.5 
0.8 
0.7 
0.5 


1,8 
1.2 

0.7 
0,8 
0.7 
0,9 
0.6 
1.2 
0.6 
1,2 
0.7 


2.5 

1.7 
1.7 
2,4 
1.0 
3,2 
1.2 
2.1 
1.4' 
3,1 
1.9 


4.i 

4.6 
4.2 

3.8 
4,1 
3.3 
2.8 
2.8 
41 
6.1 
4.3 


5i 
6.e 

4.8 
4.6 
6.3 
4,5 
4.1 
4.6 
6.6 
8.1 
5,8 


in. 
4.7 
4.8 
5.7 
6.4 
5.1 
5.2 
47 
4.3 
6,9 
4.9 
6.3 


in, 
4.0 
4.8 
5,1 
4.6 
4.2 
4.3 
4.1 
4.0 
4.3 
5.6 
3.8 


2,6 
2.4 
2,7 
2,7 
2.g 
2.6 
2.8 
2.0 
3.2 
2,3 
1.8 




0,9 
0.9 
0.6 
0.8 
0.6 
0.7 
0.9 
0.6 
0.7 
0,7 
0.7 


in. 
0,6 
0.2 
0,6 
0.5 
0,6 
0.6 
0.7 
0,5 
0.4 
0,4 
0,3 


in. 








a 

5 
7 

1 

2 
4 

4 
6 




1851 
1862 
1853 




28.4 
29.4 
Z6.9 


IMR 












1857 




29.9 














Mean 


0.7 


0.6 


0.9 


20 


3.7 


5.4 


5.2 


4,4 


2.6 


1.3 


0.7 


0.5 


27.9 


Ratio 


.801 


.215 


.387 


.860 


1.692 


2.328 


2.237 


1.892 1.118 


.559 


.301 


.215 








MBAN EVAPOBA 


riON FROU BHOaT OBASS, 1852 1 


1869, WCLUSIVE. 




Me>D 


1 0.7 0.8 


1.2 [ 2.6 1 


4.1 ! 55 1 5.2 j 4.7 


2.8 1 1.3] 0.7 1 0.5 


30,1 




MBAS EVA^EATXO^ ™ 


* MBQ QftASS, 1849 T 


3 1866, iKOI-DSnrB. 




Mean 


1 0.9 1 0.6 


1.4 ; 2.8 


4.7 1 6.7 1 9.3 1 7.9 


1 6.2 I 2.9 1 1.3 1 0.6 


44.0 




HEAK RAIHF 


U.L AT SAKE STATION, 1848 TO 


1859, isoLuaivB. 




Mean 


1 1.5 1 1.7 


1.0 1 1.6 1 


1.5 1 S.2 1 2.4 1 2,4 


1 2.0 1 2.3 1 1.8 1 1.5 


21.9 



EVAPORATION FROM EARTH. 



MEAN EVAPORATION FKOU I 



1844 TO 1853, r 

' N. ; Height above les, 320 Eeet. 





i 


jf. 


1 


1 
< 


5- 


1 


jj. 


t 


£ 


1 




1 


1 


Mean 


0.64 


0.95 


1.59 


2.69 


4.38 


3,84 


4,02 


3.06 


2.02 


1.28 


0,81 


0.47 


25.66 


Batio 


.299 


.444 


.739 


1.212 


2.049 


1.796 


1887 


1.431 


.945 


.599 


.379 


.220 






* Beardmore'a Hydrologj, page 3! 
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MEAN RAINPALI. AT SAME STATION, 1844 TO 1853, 



Mean | 4.63| 4.03| 2.25| 2.22| 2.23] 4.07| 4.32| 4.77] 3.79| 5.07| 4.64|3.94| 45.76 







Latitude, 54" 


30' N 


; Height above sea, 90 feeL 










{ 


1 


"1 


1 


1 


1 


1 


1 


f 


1 


J 
1 


i 


1 
1 


Mean' 


0.96 


1.0] 


1.77 


2.71 


4.n 


4.26 


4.13 


3.29 


2.96 


1.76 


1.25 


1.02 


29.21 


lutio 


^80 


.415 


.727 


1.113 


..^9 


1.748 


1.697 


1.362 


1.216 


.723 


.513 


.419 






MEAN BAIKFALL i 



1844 TO 1863. 



Mew I 5.1| 3.4| 2.5| 2,2j 1.9| 3.l| 4.3| 4.3J 3.l| 6.3| 4.5| 3.8| 43.5 

The small range of the evaporation from water in the fint table is 
8ug^;e8tive. It seetUB to approximate to a constant in each month. 
Of the tablee of evaporation from earth, that at 'W hitehaven seems 
to be the better adapted to our cHmat«. It is more valuable for the 
■dry months than for winter. 

In many cases when evaporation is spoken of later on in this report, 
plant absorption is included, as it is not deemed practicable to separate 
them. The above tables, estimates and remarks are intended to be 
'Confirmative of later oonolusions respecting loss of rain, rather than 
exactly indicative of the amoant of such loss. 



GEOnSD-WATEB. 

At the close of the winter and spring rains, the ground is saturated 
■with water to a great depth. A large amount of water is held in 
storage, and all of that which lies above the level of the bed of a 
stream, within the boundaries of the water-shed, becomes available 
either to feed the stream at that point or else to satisfy the demands 
of plants and evaporation. This great reservoir will feed a certain 
amoant of water to the stream irrespective of the rainfall. If the 
rainfall is sufficient to supply the evaporation and plant growth, the 
flow from ground-water will remain constant, because the head which 
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forces it througli the rocke and gravels is constant. Wh^i the rain 
is inaufficient, the head will be drawn down and the flow will deoreaee 
at a certain fixed rate. The draught upon ground etorage in this 
vicinity usually sets in between May Ist and June Ist, not often before 
the middle of May and rarely later than Jane Ist. Once the draught 
is fairly established and the water drawn down, unless the nunfall is 
greater than it usually is from June to August, it is alt absorbed by 
the dried earth and does not reach down far enough to increase the 
head and consequent flow of ground-water. What may be called the 
under-run of a stream — the part which depends upon ground itorage — 
may be easily determined by inspection of a continaous diagram of 
flow. In inspecting such diagrams as those of the rivers of New 
Jersey asoompanying this report, it may be seen that rainfalls which, 
if occurring in May, or in the autumn after the ground-water has 
been replenished, would cause vicJent floods, have do effect at all upon 
the stream-flow when diey occur during the dry months. This differ- 
ence in effect cannot be ascribed to direct evaporation, for in the case 
of concentrated rainfall, evaporation has little time to act. It is due 
to the drawing down of ground-water, which leaves a great c^Mtctty^ 
for absorption of rain by the earth. 

In the discussion of the flow of the Croton and Sudbury rivers^ 
following, it is found that in extreme cases, like the drought of 1876- 
on the Croton, the depletion of the ground storage may amount to 
nine inches on the water-shed, and six inches by the end of August is 
not uncommon. It is also clearly shown that all of this must be 
made up before any of the rainfall, excepting the small amount which 
runs off the' surface in very heavy storms, is available to increase the 
stream-flow. By a depletion of six inches it is meant that six inches- 
in depth of rain on the water-shed will be required to again saturate 
the ground and restore the ground-water. The actual distance to- 
which the water descends is not everywhere the same, nor is it intended< 
to convey that an equal amount of water is drawn from all parts of 
the shed. A coarse gravel will yield up its ground-water much more 
freely than compact earths or rock. The amount given is the average 
for the whole shed. 

The capacity for ground ator^e varies widely on different water- 
sheds. On steep, rocky surfacei the rain largely runs off. The rock, 
it is true, holds a lai^ amoaot of water, bat it is held tenaciously,, 
and dischai^ed at a low rate. This iact is partially compensated for 
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by the greater differeuoes of level on such a water-shed, which caose 
gre&ter heads to force out the water. A rocky water-shed, as level as 
the sandy basins of Southern New Jersey, which discharge lai^ vol- 
omeg of ground-water, would probably yield a very trifling amoant. 
Fanning gives the following data as to porosity of soils: 

" Gravel, consisting of small water-worn stones or pebbles, inter- 
mixed with grains of sand, has ordinarily 20 to 25 per cent, of 
voids; marl, consisting of limestone grains, clays a|id silicious sands, 
has from 10 to 20 per cent, of voids; pnre clays have innumerable 
interstices, not easily measured, but capable of absorbing, after thor- 
ough drying, from 8 to Id per cent, of an equal volume of water. 

" Water flows with some degree of freedom through saudstAues, 
limestones and chalks, according to their textures, and they are 
capable of absorbing from 10 to 20 per cent, of their equal volumes 
of water. 

" The primary and secondary formations, according to geological 
classification, as for instance granites, serpentines, trappeans, gneisses, 
mica slates and ai^Ilaceous schists, are classed as impervious rocks, 
as are usually the several strata of pnre clays that have been sub- 
jected to great superincumbent weight. 

"The crevices in the impervious rocks, resulting from rupture, 
may, however, gather and lead away, as natural drains, large volames 
of the water of percolation."* 

It must be remembered, however, that nearly all water-sheds on 
rock formation have a covering of disintegrated rock and drift 
gravels and sands, which furnishes a large part of the ground storage. 
A rock valley with a considerable descent, filled with drift sands and 
gravels, is admirably adapted to supply large quantities of ground- 
water. 

From the above percentages we -find that a depletion of 9 inches 
of ground-water, will dniw down the water-table an average distance 
of from S6 to 45 inches in gravels, from 45 to 90 inches in marls, 
about 90 inches in clays, and from 45 to 90 inches in sandstones, 
limestones and chalks. 

The streams of Long Island draw a very large amount of water 
from the masses of drift gravel and sand which compose th^ 
water-sheds. The following is an extract from Mr. Samuel 
McElroy's paper on the Hempstead Storage Reservoir : " This general 

* Faoning's Water-flupplj Enpnwring, page 102. 
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law of filtration in this formation, ie illastrated very completely, and 
with wonderful annual uniformity in the daily discharge of th& 
accumulating rainfall from the permanent saturated bed of the slope 
towards tide. 

"A moderate estimate of this annual fall ie 43 inches, and 
the percentage reaching this bed is not leas than 60. This gives a 
daily surplus for discharge of 1,200,000 gallons per square mile 
towards tide; otherwise the remarkably>uniform levels of the bed 
would not be maintained as they are, as shown by the nnmeroas 
wells." 

These streams and their strikingly- large flows, are of peculiar 
interest to ns, for the facts observed here have a direct bearing on 
the flow of our Southern New Jersey streams, which also have 
sandy water-sheds and remarkably uniform and well-sustained sum- 
mer flown, 

SURFACE STOBAQE. 

Another f^ent which tends to equalize flow to some extent, by 
carrying over some of the water of the wet season to the early dry 
months, thereby shortening the periods of very small flow, is surface 
storage. Water is held in natural lakes and swamps and fed out 
gradually to the ^tream. Some of the natural lakes in Northern 
New Jersey vary two feet in height of surface. The Paulinskill 
has about three square miles area of such lakes on 175 square miles 
of water- shed, anda storE^e of two feet would add an average of 3.75- 
cubic feet per second to the flow of the stream for one month. The 
flow would be much greater than this at first, and wonid gradually 
decrease to nothing. Artificial stor^e is much more efBcient, as a 
greater depth of water can be controlled and the discharge regulated 
to meet the demand. Natural storage is an important factor in the 
flow of some streams, such as those of our northern counties, however^ 
and must be taken into account. 



SURFACE OB FLOOD-FLOWS. 

We have seen that a portion of our rain finds its way over the sur- 
face to the stream. How much, depends on the condition of the 
ground-water and the steepness of the slopes. On the Sudbury it is 
observed that any rainfall exceeding four inches per month is aooom- 
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panied by Bur&oe-flows. There is some limit to tlie rapidity with 
-which water can be absorbed by the earth, even when dry, and, al- 
tbongh the gronnd-vater u low, sometimes rain falls in such enor- 
mons volume that disastroas floods are caused. 

In the report on CUmatolc^y of New Jersey (1888) it is stated 
that single storms "rarely exceed foo^ inohes in depth, and three 
inchea is a heavy rain. In the Newark reoord the number of rains 
over three indies in thirty-seven years and eight months was thirty- 
six. Eight of them occurred in July; eight in August; five in Oc- 
tober ; three in November ; two each in December and May, and one 
in each of the other months." 

The late Aahbel Welch stated,* during a discussion on the flow of 
streams, that in August, 1843, " twelve inohes of rain fell in about as 
many honrs in one night" near Bound Brook, but this extremely 
heavy rdnfall was confined to a very narrow district He also says 
that " the most destructive rainstorms I have seen have been in 
Angnst, and next to that, July." 

The following severe storms are mentioned in the Climatolt^y of 
New Jersey : 

Paterson, March 19th and 20th, 1881, 6.44 inches in 11 hours; 
Parsippany, March, 1875, 7 inches in a single storm. 

In the month of August, 1848, 22.48 inches of rain fell at Newark, 
a fall without an equal in the records of the vicinity. 

In the month of September, 1882, great floods occurred all over 
the State. They were caused by a very heavy ^torm which came 
after three months of de^cient rainfall. By the method employed in 
estimating flows on the Croton, I find that by September 19th the 
deficiency of rain amounted to 4 inches on the Raritan water-shed. 
From the 20th to the 24th the records at New Brunswick show a- 
&11 of 11.84 inches of rain; those on the Croton water-shed show- 
ing about the same amount. It will be seen that there was a surplus 
of at least 7 inches after replenishing ground-water. As will be seen 
later, I have estimated that from the 22d to the 25th, during 64 
hours, a total of S.3 inches on the water-shed flowed over the dam 
above New Brunswick. On the Croton from 40 to 80 per cent, of 
the surplus rain goes off in floods in summer. On the Sndbury, a 
smaller water-shed, from 5 to 10 per cent, of the total monthly rain 
has to be allowed when such rain exceeds 4 inches. 

* TTtuuactions of the Ameritan Bodety of Ciril Eogineen, July, 1881. 
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A striking example of the effect of the manner in which the rain 
falls; whether -highly oouceatratecl or evenly distributed through the 
months and year, is shown in the years 1889 and 1890. On the 
Baritau, in 1889, there occurred six floods high enough to destroy 
the fencing on the meadows along the stream. In 1890 there was 
but one flood over the river banks, and that a very light one. Oar 
records of flow on the Passatc show five floods of from 6,300 to 
10,900 cubic feet per second ; in 1890 the dischai^ did not once 
reach 6,000 cubic feet per second, and 5,000 was exceeded only once. 
Both were years of heavy rainfall, 1889 having 68 inches against 61 
inches in 1890. 

ANALYSES OF EXISTINO SERIES OF GAUGINOS. 

Since we have not, and cannot hope to have in time for our present 
purposes, long series of observations of flow of our New Jersey 
streams, we shall be obliged to base our estimates largely upon exists 
ing series of gangings on umilar streams. With this in view I have 
been at much pains to analyze such records as we have, keeping in 
view the observations which have already been made as to the various 
ways in which rain is dissipated. Unfortunately, good observations 
of flow are extremely scarce, but we have some which are valuable. 
The longest of these are the reoords of flow of the Croton, published 
by the Department of Public Works of New York City, in the 
Commissioner's report on the new aqueduct, in February, 1882. 
The flow over Croto'a dam is given from 1865 to 1881, but lacking 
the flow through the aqueduct, I have only been able to obtain the 
total flow from 1868, or for fourteen years. The method of gauging 
was crude, the hdght being measured once a day at Croton dam, and 
th6n the heads on the over&U avenged, in order to get the avenge 
daily discharge for each month. Only a good approximation was 
desired, however, and it appears to have been obtained. The method 
of averaging the heads themselves, instead of the cubes of their 
square roots, would not cause a serious error when the flow is pretty 
evenly distributed through the month, as it is most likely to be dur- 
ing the dry months. When a single flood of short duration occurred, 
this method would not give the proper weight to such a flow. Never- 
theless, a carefnl analysis of these records does not show anything in 
the ordinary flow which is inconsistent with the rainfall, as a rule, 
although occasional months do show palpable errors. The avenge 
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daily flows vere reduced to total monthly flows, and these were re- 
duced to inches on the water-shed for facility of comparison with the 
rainfall. The years embraced in this record were not seriously 
aflecled by artifidal ston^, and in this respect are more valuable 
than thoee since 1881. 

On the west branch of the Croton, Mr. J. J. R. Croes, C.E., has 
made careful gaagings, covering three years, which are most valuable 
as representing a small water-shed (twenty square miles) on the Arch- 
ean Highlands. I have not yet been able to fully diacosa them. 

On the Sudbury, in Massachusetts, Mr, Alphonse Fteley made a 
very valuable five-year series of gaugings with carefully-taken rain- 
falls. This stream has a water-shed of 77.8 square miles, resembling 
our northern water-sbeds. This series is discussed later. 

On the Connecticut, with a drainage area of 10,234 square miles 
above Hartford, we have an d(ht-year series, made by the United 
States Army Engineer Corps. The discussion of this series has been 
under way, but adequate rainfall records have not yet been obtained 
and it is incomplete. 

It will be seen that we have a series here which fully represents oar 
Northern New Jersey streams, and on thia aeries we can base our com- 
putations of flow as soon as our gaugings are sufScieut to demonstrate 
the peculiarities of each of the streams which have been selected as 
types of a certain class. 

Unfortunately we have no aeries resembling our Southern New 
Jersey water-aheds, but it is believed that we can secure data enough 
there to base accurate estimates upon, from our own observations. 
Those streams are much more equable in flow. They deserve a full 
investigation because of their peculiar value for water-power. 

Our aim, in the following discussion of flow, has been to deduce a 
safe rule which could be used for estimating stream-flow from monthly 
rainfall records. 
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BAJNPAU. AND PLOW OF CBOTON WATEB-SHED. 
Area, 353.1 Square Uilee. 





1 


1 




f 


1 




I 




i 


1 


1 


^ 


! 


1 


^ 




1 


1 




3 


1 




1 


1 




3 


1 


1 


a 


1 


1 




1868. 


1869. 


1870. 


1871. 


1879. 


Ju 
















M 




1R 
































































^'y- 
























































































































































w- 






















































































Dec 




O.ST 41 


6.38 


a.!* 


« 






2.10 


81 


B.«» 


.3» 


W 


Year... 


w.Ba 


M.eoi 68 


u.ss 


22.87 


47',44.SsIis.7B| 44 


48.91 


20. 7B 


42 


4". 71 


17.42 


4S 




1873. 


1874. 




1876. 


1878. 


1877. 












RM 


Wl 


7 74 


oin 


M 




147 


inn 




m 


































































«-■ 








































































































































































































































































76 


1.7S 


0.(16 




I.5« 


1.78 


111 


2.»5 


C.fi2 


52 




3.S0 


2W 


Year.. 


4g.B7 


no.2n 


tts 


42.S7 


20,65 


49 


43 66 


23 W 


GS 


40.CS 


21.1» 


46.08 


^82 


4> 




1878. 


187». 


1880. 


.a.1. 
















M 










nfcs 


IS 




























































«R- 














































































































»■■ 




























































































































4.2« 


1.8tl 


44 


3.4C 


0.51 






»l 


1.49 






Ye*r.„ 


M.U 


2».ra 1 «B 


4G.<» 


30.75 


45 


SS^ 


14.54 


se 


46,17 


17.44 


S8 









itizedByGOOgle 



THE STATE GEOLOGIST. 






n,s,J.v'i. 



is^^BL 



i 



s-si - ironiBJ - a 



.M^SSSS.o 



r 



-4rsa. 






2322 »S -i B S 2 » -^o o 



i^2§S^^SI®^o3^ 



BSSs?3-SS23^^2 



S^^ISSBi^^-S-i-i 



PliPIPmi 



iji 

ill 

if 

ill 

i 
11 

s 

1 






llsllliliilili 



llllllllllllll 



,Google 



REPORT OF 



61 


"™ 




sil 1 


,,™ 




5l3| 1 


it 


™a 




5SS3 1 


■.r«. 




sas5 


i 


-iOM 




ssas 


■ni»a 




ESSS 


Is 
a 


■«ou 


£iiial«i3 d 


■UIBH 




n 


■*ou 


SSS5S ? 


s 


■ni»a 


saws 1 


el 
1 


■aoii 


mr. i 


. 


SISiS i 


-s 


■«ou 


SS|S^ 1 


■DIBK 


S235§ ! 


ij 


■ioia 


|e8J5 a 


■aniH 


B3S5 


H 
P 

i 


■*OM 


5HB 


-n™ 


SISSS 


■maoM 


1 




i 




5 


1 


§ 


i 
I 

I'i 


1 j 
i 



Q is 



itizedByGOOgle 



THE STATE GEOLOGIST. 



TABLE OP MOMTHLY FLOWS. 



It is at once apparent that the table of rainfall and flow b^ 
months shows no relation whatever between the amount of rain 
falling and the amoant of water flowing in any given month. This- 
18 in accord with what baa ah-eady been pointed ont. The Croton- 
water-shed has a very considerable amount of natural storage. The- 
Boyd's Corner reservoir was completed is 1873, and the one at 
firewster'a came into use in 1878. I have corrected the flows for 
amounts drawn from artificial ston^e and amounts stored, so far ss- 
my data would permit, in the second table. Too much must not be 
expected from these observatioDs, and iu making deductions from, 
them my constant effort has been to keep within the truth. It must 
be eiiideut to any observer &a,t this cannot be done by any a^tem of' 
computation based on percentages of rain&ll of the months from 
Jane to November, without adopting an abenrdly low percentage. 
The second table (that of flow by natural periods) shows much more- 
than that by months. 

TABLE OF FLOW BY NATURAL PERIODS. 

Id this table we have endeavored to group the months by natural 
periods of flow and evaporation. The first or storage period is found' 
by an inspection of the table of monthly flow, and of records of rain- 
fall, eoow and temperature, to extend from December 1st to May- 
30th, osnally. The years 1880 and 1881 are exceptions, however. 
Warm springs and light rains in April and May caused the stor^;e 
period to end earlier than usual, and in these years the month of 
May has been set over to the second period, the allowance for evapora- 
tion for the period being increased accordingly. It is not probable that 
the period ever ends exactly at the end of May, but with only monthly 
records this is the nearest approximation which can be made. The 
reason for changing the end of this period from May 30th to April 
30th will appear more fully when we come to consider the table of 
droughts on the Croton later on. The flows of the sto«^ period, 
and in &ct of each period, have been cwrected by allowing for- 
heary rains falling in one month close to the end, so that they^ 
caused heavy flows in the following month. 
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STOEAGE PEHIOD. 



In the storage period in thia table we find a variation in the per- 
cetktage of rain flowing which cannot be traced either to the amoant 
of rain or the temperatare. From what has been obaerved elsewhere 
it is attribnted to the distribntion of the rainfall, an evenly-distributed 
rainfall giving less flow than when concentrated. A certain amoant 
of this variation is unquestionably due to inaccurate gauging. The 
range in the percentage of rain flowing is from 66 in 1871 to 96 in 
1873. The method of averaging the heads on the weir, instead of 
averaging the cubes of their square roots, woald cause a considerable 
error when the range of head is great, as it is during this period. 
There is no tendency of the percentage to decrease with the amount 
of raiafftll. The range may safely be taken from 60 to 80 per cent, 
for this period, with the assurance that 60 per cent, will be within 
the truth. "We have not attempted to subdivide this period. Fuller 
records may enable us to do so. 

Probably the only safe way to utilize the whole flow of this shed is 
to provide storage for 60 per cent, of the rainfall, as above, less the 
consumption (which will approximate half the yearly flow) for the 
same period. 

GHOWING PEBIOD. 

Taking ap next the growing period — June, July and August — we 
find that, unlike the first period, there is absolutely no i^Teement 
between rainfall and flow, and to figure percentages is worse than 
nseless — it is misleading. One fact stands out strongly in this table, 
the tendency to a constant flow for all rainfalls up to 12 inches. The 
explanation of this is found in the tables of evaporation already given. 
At Bolton Le Moors we have an evaporation of 10.92 inches, and at 
Whitehaven, 11.67 inches for these three months. This table shows 
that for all rainfalls from 7 to 12 inches we have 1.50 inches of flow. 

This fact is brought out more strongly by the corrected flow in the 
'third column. A careful inspection of the flow by months shows that 
June frequently has much more flow than what is due to the rainfall 
in the month. In such caees an inspection of daily rainfall records 
has shown a heavy storm close to the end of May. A correction being 
made for these cases, we have the flows in the third column. 
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From the fact that this flow of 1.50 iaohee is ooDBtant for even 
-very light raine, we cx)noInde that it is drawn eotirely from groand- 
water, and that ordinarily' this represents the amount of depletion 
from flow. We also infer, from the &ct that 12 inches of rain causes 
no additional flow, but as soon as we exceed this much the flow in- 
-creases, that 12 inches represents the evaporation during the period. 
Conseqaentlj, if the rainfall ia just equal to the evaporation, it will 
require 1.60 inches of rain to replace the ground-water, or, if the rain 
xlnring the period has reached 13.5 inches, there is no depletion of 
ground-water. A carefal comparison of the flow during the next 
period carries us one step further. If the rain during the growing 
period has been less than 13.5 inches, the deficiency has to be made 
up from the rain during the replenishing period, before that rain 
b^ins to increase the flow. The natural flow only draws 1.6 inches 
of rain from the ground, but evaporation will draw much m(Jre if the 
rain is deficient. The amount of this deficiency is shown in the 
fourth column (D). If instead of a deficiency we have an excess of 
rain over 13.5 inches during the period of growth, this excess will 
show in the flow of the stream. A deficiency is indicated by a minus 
flign, and an excess by a plus sign, in the column D. This record 
shows that from 40 per cent, to 80 per cent, of the excess will thus 
Appear. When the rainfall is evenly distributed through the three 
months, only 40 per cent, will flow. If the excess of rain is all in 
one month, then 80 per cent, may be taken. Sometimes, doubtless, 
the entire excess flows off, but we have nothing to do with accidental 
£ows in a conservative estimate. The column of computed flows is 
made up by the following rule, based on the above observations : 



BULE FOH COMPUTIHa BUMMEB PM)W. 

When rain&ll is 13.5 inches or leas, 1.50 inches'wilt flow ; and of 
the excess of rain over 13.5 inches, 0.4 is to be added to this flow if 
each month shows an excess over 4.5 inches, or 0,8 if only one month 
shows an excess. 

As to the distribation of this flow of 1.6 inches through the months, 
there are many cases when the flow is almost uniform, O.S inch flow- 
ing each month. The table of droughts is most instructive in this 
-connection. An inspection of it will show that, beginning with the 
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first month ^ich ahowa a depletion of ground-water, dther Maj or 
June, as the case may be, the first dry month gives from 0.6 to 0.8 
inch of flow, the second from 0,37 to 0.54, usually 0,47, and the 
third 0,33 to 6.43 inch. The drought of 1880 runs close to the mean 
of the table, and is continued long enough to give us a good measure 
of the extreme capacity of ground and surface storage to supply the 
flow. From May to October, inclnsive, the rain was remarkably 
deficient, while the flow amounted to a total of 2.18 inches. All of 
this must have been from natural storage, and as the flow &11 off 
steadily from 0.85 inch in Uay, to 0.12 inch in October, this must be 
about the limit of the available natural storage of the Croton. The- 
dntngbt fivm evaporation must have been just about equal to the 
total rwu&ll for this period. 



BEPLENISHIHG PBBIOD. 

The last period is, ae we have already noted, much affected by the' 
rainfall daring the second period. A careful analysis of the rainfall 
and flow in this period has convinced me that the evaporation amounts 
to just about six inches, This seems to agree quite welt with the- 
Whitehaven observations of evaporation already given. It is also 
found, as we should expect, that a deficiency of rain below what i» 
required to supply evaporation and restore the gronnd-water in the 
second period, will have to be made up in this period, for the evapo- 
ration will make heavy draughts on the gronnd-water, which must he- 
replenished. It is not to be supposed that evaporation from low 
ground-water will be as rapid as from satarated ground or surface- 
water, consequently I have allowed adifference of 25 per cent, between 
the deficiency of rain in the second period and the amount of water 
needed to make up for it in the third period. From this we get six 
inches for evaporation from September to November, plus 75 per cent, 
of the deficiency of rain in the growing period to represent the de- 
mand which must be first supplied from die rainfall of the replenishing 
period, the balance of rain being available for increasing the stream- 
flow. The column E is made up from this basis. 

The minus quantities under D, in the second period, are the defi- 
ciencies of rain. When a plus sign oacurs there is no deficiency to- 
be made up, consequently we do not nee the plus values of D, having 
already allowed for them in the flow of the second period. 
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It k further foand that there is a nearly constant flow in this period 
for those years in which the ralD&ll ia only equal to or less than 
6.0 + .75 D ; or, in other words, when there is no surplus of rain avail- 
able to increase the flow of the stream, that flow will be drawn from 
ground-vrater and will usually amount to 0.90 inch. The flow of this 
period, then, will be found approximately by the following rale : 



BULB FOB COMPOTIKG AUTUMN PLOW. 

When E is zero or n^ative, the flow will amount to 0.90 inch, and 
when E has a positive value the flow will amonnt to 0.90+ from .50 
to .76 E, .50 E being used when the rainfall is evenly distribnted 
through the three months, or when excess occors in September, and 
,75 E when there is an excess in October or November. 

The reason for tiie variation in the amount of excess of rain whioh 
will flow lies in the fact that evaporation is not uniform but is much 
greater in September, and also in the greater evaporation if evenly 
distributed than if concentrated rain&lls. 

The distribution of this autumn flow is quite regular where the 
rainfall is less than evaporation plus deficiency of summer rain. For 
heavy flows it is, of course, regulated by the distribution of the rain. 

The table of droughts is instructive in this connection also. In 
1876, 1880 and 1881, we find from the column E in the table by 
periods a deficiency of rain. Turning to the column of droughts, 
we find that in those years September gave an average flow of 0.17 
inch, October 0.53 inch and November, in 1876 and 1880, 0.56 inch, 
September being the fourth month in the drought of 1876 and the 
fifth in ISSO and 1881. From this we infer that the distribution will 
approximate the following ; September, 0.20 ; October, 0.35, and 
November, 0.35, for very dry years. 



VALUE OP THE tXJMPUTED PLOWS. 

The computations of flow in this table will be found to be very- 
close in the second and third periods. It is not believed that any 
absolutely rigid mathematical rule will ever be discovered to fit so 
uncertain a matter as the flow of a stream, consequently the applica- 
tion of the proper co-efficient of D and E is left to good common 
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sense, with the feeling that, so &r as this record shows, no great error 
can possibly come from this source, even when that choice is based on 
a record of rainfall by months only. The dtsf^r^tnent in the stor- 
age period is more striking, and it will be found that nearly the whole 
error for the year is here. I have fonnd no rule which will apply 
more closely than a percentage loir enough to be within the truth, nor 
is it expected that any will be found. The flow in this period is more 
distinctly accidental ; there are too many uncertain factors entering 
into the problem to make it safe to compute too closely, nor is it 
neceseaiy. The wide divei^nce is where it will do the least harm 
throughout the compntatioD, and it is claimed that this is accomplished 
without the enormous sacrifices of Sow during intermediate stages 
which must follow &om any system of monthly percentiles. 

While it is not supposed that these rnles will absolutely fit any 
other water-shed, it is hoped that a method has been found which, 
with slight modifications of co-efficiente, will be adapted to all similar 
sheds. By the courtesy of Mr. William E. Worthen, Past President 
of the American Society of Civil Engiueera, I have obtained records 
of flow over Croton dam, and of draught from stort^ from 1881 to 
date, and as soon as the necessary additional data cau be secured the 
study of this water-shed will be continued, and it will be determined 
whether these rules hold good for the entire period of twenty-two 
years. If so, we have found a valuable basis for the computation of 
such of our Northern New Jersey streams as our short records of 
gaugings indicate to be governed by the same laws as the Croton. 

TXBLK OF DBOTTGHTS. 

We have frequently had to refer to this valuable exhibit and have 
left little to be said of it. These remarkable droaghts are mentioned 
by Profeasor Smock in his Climatology of New Jersey, and some of 
their peculiar features pointed out. In 1880 wells and springs were 
said to be lower than they had been in thirty-eight years. The table 
speaks for itself as to rainfall and flow. It forms a good basis for 
estimate of the ultimate amount of eton^ called for to bridge over 
such periods, and it is seen that they occur, sometimes, with alarming 
frequency. In making up the table I have selected, by inspection, 
the month which marks the close of the period of full ground and 
surface storage, and have taken the month which first shows marked 
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depletion of ground-water as the first dry month. This ia June in 
tliree cases and May in two. The montliB are then set down consecu- 
tively to the end of the dronght. It will be noted that once the 
drought is fairly inaugurated, a rainfall of over five inches in a single 
month has do effect in checking the subsidence of the stream. 

This table furnishes a striking proof of the lack of connection be- 
tween the rain falling in a month, in the dry period, and the water 
flowing in the stream during the same time. 

The drought of 1869 was not very remarkable, lasting only from 
June to September, 10.97 inches of rain iailing in the four months. 
In 1870 the drought lasted from June to January, 1871, or entirely 
through the growing and replenishing periods. The rain&ll in Jane, 
July and August was 10.59 inches — much greater than for the same 
period in 1869 ; and the flow reached the ordinary 1,6 inches for that 
period. Had the ground-water been replenished in September, as 
nsual, there would have been nothing unusual about the summer 
flow, but rain continued deficient, and during September, October 
and November we had only 10.09 inches, which was not enough to 
make up the deficiency until November, when the flow reached 0.62 
inches. This gives us apparently a test by which we can determine 
when the storage has been replenished from the monthly rainfalls. 
Our total evaporation for autumn months agrees closely with the 
Whitehaven observations, henoe we condude that the evaporation 
has about the same distribution through the months, viz., September, 
3.00 inches; October, 1.75 inches, and Novembor, 1.25 inches. 
December and January evaporation may be taken at 1 inch per 
month. 

The flow during the growing period we have seen to be a constant 
amount in dry years, consequently we begin with September first, 
to determine when the ground storage is replenished. Charging the 
storage with the rainfall, and crediting it with the evaporation, plus 
the flow of the stream, and the deficiency carried over from August, 
which is given in the table of flow for the growing period, we find 
that when the total supply exceeds the total draught the replenish- 
ment has been efieoted. For this purpose we may assume the con- 
tfant flow to be as follows : September, 0.40 ; Odober, 0.30 ; Novem- 
ber, 0.20 inch. 
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DKOOOHT OF 1870. 

Sapplj— Dcaoght— 

iDchei. Incnea. 

Deficiency at eod of August ~ 2.91 

September.... Rainfall... 2.85 Evaporation + flow... 8.40 

October " ... 4.73 " " ... 2.05 

November " ... 2.61 " " ... 1.45 

Totala 10.09 9.81 

Thna we find the repleniBhment just barely effected as the flow 
iodioates, althoagb rains contmaed so light in Deoember as to give 
only the storage-flow. 

UROtraHT OF 1876. 

Sapplr— Draught— 

iDcbee. Incnes. 

Deficiency from August 6.36 

September Rainfall... 5.21 Evaporation -{-low... 8.40 

October " ... 1.50 " " ... 2.06 

November " ... 3.40 " " ... 1.46 

December " ... 2.85 " " ... 1.20 

January " ... 4.19 " " ... 1.20 

ToteU 16.65 15.66 

This, too, threes with the observed flow. February flows are 
heavy. It mast be remembered that when the replenishment has not 
been effected before the end of November, the freezing of the ground 
may prevent the necessary percolation. This has no very important 
bearing npon the flow, however, for it will ultimately be accomplished 
during the heavy flows of the early spring months. 

DKOUGHT OF 1880. 

Sapply— Draught- 

Inches. Incnea. 

Deficiency from August 6.82 

September Rainfall... 2.69 Evaporation + flow... 8.40 

October " ... 8.25 " " ... 2,05 

November " ... 2.97 " " ... 1.46 

December. " ... 2.49 " " ... 1.20 

January " ... 4.19 " " ... 1.20 

Totala 15.59 15.62 

NOTI. — nitimatelj we ahall probably find it advantageouB to employ in the com- 
putation of Croton flows the more exact methcni hy months, as has been done with 
the Sudbury, bnt for the present this is deemed unnecessary. 
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DBOdOHT OP 1881. 

BDpplf— Dmuht— 

Deficiency firom August 4.8S 

September -Rain&U... 0.75 ETaporotioo + Sow... 8.40 

October. " ... 3.65 " " ... 2.06 

November " ... 4.50 " " ... 1.45 

December. " ... 6.87 " " ... 1.20 

Totals 15.27 - 12.98 

There U a slight error in chai^ng np the fall deficieno^ of pre- 
vious months, as there is no doabt some retardation of evaporation 
when ground-water becomes very low, bat this does not affect the 
object aimed at. 

I have dwdt at some length on this matter of extreme dry-season 
:flowB, for it is most important, both for the determination of the 
valne of a stream for water-power and of its oapacity for snpplyiag 
water to cities for domestic oonsumption. It is a very hopeful indi- 
«ation of the valae of the method of computing flows which has been 
here adopted that it gives reliable results, in the table of flow by 
periods, for such extreme seasons of drought as these ander consider- 
ation. The deficiency of oompat«d flows for seasons of heavy flow is 
of little economic importance, but to be within the truth in these ex- 
tremely dry seasons is of the atmost value. 



enDBUBY KIVEE GAUOINGS. 

The Sudbary river is at the extreme eastern end of Massachusetts, 
about Qtteea miles west of Boston, and is one of the sonroes of water- 
supply for that city. In the Transactions of the American Society of 
Civil Engineers for July, 168 1, we have given the results of gaagings 
by Mr. Alphonse Fteley, extending from January 1st, 1875, to Feb- 
ruary 29th, 1880, in a continuous series. These gaugings were made 
with scientific accuracy, and consequently the series, although short, 
is most valuable. 
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RAINFALL AND FLOW ON SUBBURT WATKB-8HED. 
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Here, too, although the water-ehed is much smaller and should 
respond quicker than the Croton to the rain&ll, we find uo 
^reement between monthly rain and monthly Sow. Mr. Ftelej 
says of this water-shed; "The river, above the point where its 
waters are diverted, is formed by two principal affluents ; the larger, 
draining about two-thirds of the gathering-grounds, rises in a hilly 
district and flows afterwards through an open valley with extensive 
swampy areas ; the other flows through a hilly district, and although 
draining a territory only one-half as extensive, it has sometimes, 
after heavy rains, a volume as great aa the larger stream. The whole 
water-shed controlled by tfae works covers sevens-eight square miles ; 
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a portion of it (^m eae-sixtti to ooe-eighth) is covered with woods ; 
the remainder, with the exception of areas occupied by several vil- 
lages, has a general agricultural character," It will be seen that this 
water-shed corresponds fairly well with those of our own northern 
streams and with the Croton. The winters set in somewhat earlier 
here than in onr State. An examination of the table shows that the 
ston^ period usually extends from November to May. The dia- 
grams of flow accompanying Mr. Ft«ley 's paper also point out this 
iact, and farther show that after May the flow steadily declines. 
Only in one year does it appear that the gronnd-water is not replen- 
ished in August, this being 1877, when there was continued low 
ground-water from June until October. Id 1876, which was a year 
of great dryness on the Croton shed, heavy rains at the end of July 
broke the drought on the Sudbury. A careful study of this series of 
flows indicates that on a water-shed as small as this we must not dis- 
Kgard the fact that while a deficiency of rain in one month will 
cause a depletion of the ground reserve which must be made np in 
the following months, a surplus of rain will all run off and cannot be 
relied upon to have any effect on subsequent flow. Consequently we 
cainot deal with these flows in the broad way which we adopted 
with the Croton. We must take up the flow month by month during 
the dry months, beginning with June, for although May often shows 
less rain than evaporation, there is so much water carried over into 
that month from April that it cannot be treated separately, but must 
be included in the storage period. The actual drawing down of the 
ground-water does not begin until June, when vegetation has assumed 
a vigorous growth and the surface of the earth has dried, 

SIJDBDBY BIVEE FLOW. 

lASLE or DBY-UOKTH FLOWS, SEPAKATIHO OBO0MD AK1> SUKFACB- FLOWS. 





LAST HOBTH OF FDLI, 
BTOKASB. 


„..„„.„. 


""^Za".'"' 


THlBDDBYliOBrH. 


«*B. 






1 


1 




i 


1 






1 




1 


i 






1 


1 


1 


1 


1 


1 


1 




s 


1 


1 


1 
















0. 








b.3S 






























































































































lew 


Aogasl.... 






;u 


0, 








0.81 




0. 









• Largely tnfluonced by 



month. Sut&ce-QQWi deMrmlned fSom diagrania o( dtHj flowB. 



S.SO Inches »t and sf month CKri«d 



itizedByGOOgle 



ANNUAL REPORT OF 



F BITDBUB2. DBY MOHTBB. 





„™.. 


J 


'V 


4 
±1 


COMPUTED PI*W. 


R 


YEAR. 


j 


1 


1 






J 


6.24 
3.57 
6.63 
3.43 


4.80 
4.45 
4.25 
3.35 

2.10 


+1.44 
-0.88 
+0.62 
+0.08 
+2.75 


0.75 
0.35 
0.35 
0.35 

0.76 


0.62 
0.00 
0.27 
0.00 

0.48 


1.37 
056 
0.62 
0.35 
1.23 


1.50 








1875 


AueuBt....^ 

October 


0.71 
0.8S 
1.15 














a92 

.36 

•.80 
•.25 
.45 
.35 




( 


June 


2.M 

S.13 
1.72 
4,61 

2,24 


4.80 
4.45 
4.25 
3.35 

2.10 


-2.76 
+2.61 
-2.53 
-0.64 
-0.02 


0.35 
0.36 
025 
0.22 
0.35 


0.00 
0.46 

0.00 
0.23 
OOO 


.38 
•.33 








[ 




.32 

.42 




Total 






2.42 

2195 
3.6S 
0.32 
8.51 


4.80 
4.45 
4.26 
3.35 
2.10 


-2.3B 
-3.29 
-3.04 
-5.31 

+2.42 


0.76 
0.26 
0.22 
0.10 
0.36 


0.24 

0.00 
0.00 
0.00 
0.85 


2.20 

0.99 
0.26 
0.22 
0.10 
1.20 


2.17 






0.36 










September 


0.10 














2.76 

0.75 

0.25 
0.70 
0.25 
0.99 








3.88 
2.97 
6.94 
1.29 
6.42 


4.80 
4.45 
4.26 
3.36 

2.10 


-0.92 
-2.17 
+1.06 
-2.06 

+2.77 


0.76 
0.26 
0.35 
0.26 
0.36 


0.00 
000 
0.35 

0.00 
0.64 






July 


0.23 




Septembii' 


0.28 




















2.94 

0.76 
0.25 
0.57 
0.25 
0.22 
0.10 
0.78 








3.79 
3.93 
6.51 
1.88 
0.81 
2.63 
4.34 


4.80 
4.45 
4.25 
3.35 
2.10 
1.80 
1.36 


-1.01 
-1.28 

+1.30 
-1.47 
-3.39 
-0.61 

+2.53 


0.76 
0.26 
0.36 
026 
0.22 
0.10 
0.35 


0.00 
0.00 
32 

0.00 
0.00 
0.00 
0.43 
















1B79 ■ 


September 


0.24 




December 

Total 


0.36 

0.82 














3.02 


3,22 



* Heavy ralD occuired «t end o( Joly, and then flowi mun conaequcntl; be taken together. 

Mote.— Flood-howl ate compntad Tor eitry mouth ihowli^ over 4 tD<!hea of rainfall, and 
forsTerj' month ahowlos an eioen of rati) In column of £zcese and Deflclency, Flood-flow 
taken at 10 per cent, of rainfall In Jnne, October and November, and Sper cent. ID Julr, Aogoat 
and September. ConltantB oF flow : Jung, or second month of exces), 0.7G,andtheSratmoQtli 
therearter tn which there ix an exoeaa or rain, 0,3t inch ; flist deficient month, 0.2S loch ; 
■econd dafldent month, 0.22 Inch ; third, 0.10 inch. 
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B^inning witlt Jime, we fiod that the supply to our abed is con- 
fined to the rainfall ; the draught is the evaporation, plus the Qov 
from storage, pins a certain amount of snrface-dow, or waste, part of 
which is extra evaporation from shallow pools of water lying on the 
surface. The greater part of this draught is caused by the inexor- 
able demands of vegetation, which must be met ather by rain or 
ground-water. For convenience, we assume that this draught is con- 
stant for a ^ven month, aud it really is nearly bo. Evaporation, 
pins waste, has been found to be about as follows : June, 4.80 ; July, 
4.45; August, 4.25; September, 3.35; October, 2.10; November, 
1.50; December, 1.35 iuches. I have arrauged the dry-month Bows 
in a table, in the order of their occurrence from full ston^, and from 
this it is found that the oonstantB of dow, t. e, the flow from ground- 
water, closely approximate the following: A month b^inniDg with 
full gronnd-water will yield 0.75 inch flow ; a month during which 
the ground-water has been replenished will yield in proportion to the 
earlinees of the day on which the replenishment took place. For 
safety, 0.35 inch has been assumed for ground-water flow in such a 
month. The flrst month thereafler showing a deficiency of rain will 
yield 0.25 inch ; the second, 0.22 inch ; the third, 0.10 inch. 

Our first problem, therefore, is to find which are fall and whioh 
are deficient months. We saw, in oonsidering the Croton shed, that 
when there is a marked defidency of rain, evaporation from deep 
ground-water is somewhat retarded. We estimated that 25 per cent, 
of the deficiency might represent this retardation. These considera- 
tions are the basis for our table of computed flows for dry months. 
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TABLE OP COMPUTED DBY-MOHTH FLOWS. 

To find the excess or deficiency for a given month we take rainfall, 
lees draught, lees 0.76 of previous month's deficiency. An excess in 
previous month will have no effect on the flow, unless a heavy rain 
oocarred close to the end of the month. In Jane, or any second con- 
secutive month showing an appreciable excess, the flow will amount 
to 0.76, pins a flood-flow, which will be 10 per cent, of rainfall in 
June, October and November, and 6 per cent, in July, Angust and 
September. The oonstants of flow for other months will be for first 
deficient month, 0.26 ; second, 0.22; third, 0.10 inch; for first month 
in which we have an excess of rain, 0.36 inch. To these constants 
a flood-flow must be added for all rainialls exceeding 4 inches in 
deficient months, and for all r^nfalls in months showing an excess, 
using the percentages of rainfall above given for flood-fiowa. 

In these computations, aa on the Croton, the aim has not been so 
much to deduce a rule which would adhere closely to the observed 
flows as to secure one, based on correct principles, which would 
always be safe in low-cycle years, when applied to a record giving 
only monthly rainfall. It is but fair to point out that any such 
rule will not give the flow for exactly the same month in which the- 
rain fell, but for a month, a few days later, giving the water enough 
time to reach the point of gauging. It is not to be expected that 
our flows will exactly correspond month by month with the observed 
flows, therefore, but rather that they should exhibit about the same 
range of extremes and the same length of dry periods. This they 
seem to do. 

FLOW DtJBIKG 6T0EAGE PERIOD. 

This is shown in the table of yearly flows. So far as these records 
show, 80 per cent, of the rain during this period may be collected. 
If we compare with the Croton, however, it does not seem probable 
that this estimate is entirely safe. No conservative engineer would 
estimate higher than 70 per cent for this period, lacking more lengthy 
observations. 

OONNECnODT HIVBB PLOW. 

The Connecticut river was carefully gauged at Hartford by 
Theo. G. Ellis, C.E., U. S. Army Engineer Corps. This valuable 
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fleries eztende from 1871 to 1878, inolusive. The daily flows have 
been partly reduced and charted for' use id the office, since this 
example of a larger water-shed is most desirable, many of our 
stream basins being considerably larger than the Croton, and this, 
moreover, has enongh points of similarity to the Delaware shed to 
make it most valuable as a standard by which to compute the flow of 
that stream. 

The Connecticut shed has an area of 10,234 square miles above 
Hartford. The monthly flow &ll8 as low as 0.7 inob in summer. 
As soon as proper contemportmeons rainfall statistics can be secured, 
these flows will be discussed and utilized. A oomparison with 
Croton flows shows that the main difllereuces are a minimum monthly 
flow of 0.70 against 0.32 inch on the Croton, a lighter early winter 
Sow, and heavier and longer-sustfuned spring storage-flow, lasting 
usually into June. 

0B8EEVED FLOW OP NEW JEB8BY STEEAMS. 

The following observations of flow are necessarily approximations, 
bat they are believed to be quite close ones, and until it is possible to 
secure more accurate data they will be a safe indication, so far as they 
go, as especial care has been taken not to overrate the flow. Most of 
t^em were taken at dams, and the flow was computed by ench weir 
formula as careful observation of the form of contraction and other 
conditions showed to be best adapted to the case. It is intended to 
thoroughly check them by channel-gauging, but this work is still in- 
complete. The several diagrams of flow accompanying have been 
selected to show typical streams. The Paulinskill is a type of Kitta- 
tinny valley streams ; the Musconetcong of streams of the south- 
western Highlands, although this diagram shows the effect of the 
storage afforded by Lake Hopatcong; the Pompton is a type of 
Bortbeastern Highland streams ; the Passaic, above Little Falls, is a 
large Highland stream and one of the most important of the State ; 
tlie Baritan represents a mixed type, with its headwaters on one side 
in the Highlands and on the other in the clay and marl districts, with 
the larger part of its shed on the red sandstone plain, devoid of forests 
and under a high state of cultivation ; while the Great Egg Harbor 
river is typical of the pine-forest streams of Southern New Jers^. 
The State is well represented in these diagrams. All have been re- 
duced to inches on the water-shed, t. e. the flow for 24 hours is ^ven 
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in tlionsaDdthB of an inch on the drsioage area. By the side of the 
fignrea ^viog; these inches the eqnivalent flow in oabio feet per second 
is given. By this method of charting the greatly-varying volume of 
flow dae to difference of area is eliminated, and we can compare flow 
and rain&ll, and the flow of one stream with that of another, more 
readily. The rainfall is given daily in inches, and where two or 
more stations are mentioned, the aven^ rainfall is shown. It will be 
seen at once that the Raritan is the most flnctnating stream, for its 
area of water-ahed, in this groap. This is due not merely to the fact 
that it is deforested and its soil lai^y-underdrained, bat to the shape 
of its water-shed, which is such that all of the flood-flows from vari- 
oos branches are likely to meet between Sonth Branch and Bound 
Brook, a few miles above the point of gauging, and the entire flood- 
flow must be dischai^;ed within a few hoars, there being little low 
ground in the valley over which the waters can spread themselves ; 
bat more will be said of this when this river comes up for considera- 
tion in its r^ular order. 

BAINFALL OBBBKVATIONH. 

I am indebted to Mr. E. W. MoGann, of the State Weather Ser- 
vice, for my dwly observations of rain&II. He has been at much 
pains to ftimish me the necessary data when my wants extended 
beyond the limits of his printed tables of rainfall, which he has pub- 
lished only sinoe June, 1890. The value of this work cannot be 
over-estimated, and when it is put upon a permanent basis mach 
will have been done toward securing the data for more complete 
studies of phenomena of stream-flow, evaporation and percolation in 
the State. 

We have good records of monthly rainfall extending back 65 
years at Philadelphia, 92 years at Trenton and Morrisville, 47 years 
at LambertvUle, 37 years at New Brunswick, 48 years at Newark 
and 66 years at New York, in continaons series, with a series 24 
years in length at Lake Hopatcong, representing our Highland run- 
fall, and several shorter ones scattered over the State. These will give 
OB about as great extremes of rainfiill as are ever likely to ooonr, and 
will form the basis of our computations when our gaugings have 
progressed far enough to give us the necessary factors of flow. 
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Stbeahs of Nobthbbn New Jebsbt. 

For a topographical deecription of these stream basine the reader 
mast be referred to the Ph^ical Description of Kew Jersey and th» 
Topc^raphio Maps, Only a few of the important peonliarities can 
be touched upon here. We will first take np the streams which have 
been ganged, and aAerward give what data we obd as to the others. 

PAITLINSKILL. 

This stream lies in tbe main axis of the Kittatinny valley, which 
it drains for 25 miles, from Ai^iista sonthwestward to the Delaware. 
The lower 18 miles of the water-shed is qaite uniform in width, 
averaging 7 miles, with its western border on Kittatinny Mountain 
&om 1,000 to 1,200 feet above the stream, and its eastern border on 
a slate ridge about 400 feet above. The upper part widens oat to 12 
miles and has some swampy areas, which have been partially drained. 
The &11 for the first 10 miles from the month aven^iea 7 feet per 
mile, with little variation ; for 20 miles above this it is 8.6 feet per 
mile, also very uniform. The distance by the stream from the 
remotest soarce to the mouth is about 36 miles. The bottom of the 
valley is blue limestone; the higher portions of the shed nuunly 
slate. About 25 per oent. of the area is in forest. Much of the 
lower portion is in permanent pasture, while the ridges are devoted 
to general farming. 

A gauge was set up at the mill of Messrs. G. C Adams & Co., at 
Hainesburgh, about 25 miles above the mouth of the stream, and 
read by Mr. A. D. Coruell. There is a small amount of leakage 
throngh the dam, but not enough to cause any serious error. There 
are several mills above, but none of them have very large ponds, and 
while they hold back some water, it is not probable that the mini- 
mum flow for any week is very much reduced thereby, although the 
observed minimum for a single day probably is. 

The following table gives the flow by montlis, in inches, on the 
water-shed, and also the maximum, minimum and average flow in 
cubic feet per second. The rainfalls given are means of observations 
at Newton and Janction. Newton is on the water-shed, while Junc- 
tion ia not, but it is believed that the mean of the two better repre- 
sents the actual rainfall than Newton alone would do ; 
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FLOW OP THE PAUUN8KILL, 1890. 
Water-shed, 174.8 Square Milee. 
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For years of similarly large rain&ll the Croton flow varies from 47 
to 49 per ceot. of the raia&ll. The Sadbury flow ie from 45 to 58 
per cent. In this reepect, therefore, there is no marked differeaoe in 
the PanliDskill flows. The year has not been favorable for the 
determination of minimum flows, as the rainfall has been in excess. 
The least aver^;e flow for any week was from August 10th to 16th, 
42 cubio feet per second ; the next low week being the previous one 
which shows 45 cubic feet per second. A peculiarity of the year was 
the very small November rainfall, which caused a low run of the 
stream up to the storm of December 17th. From October 24th to 
December 17th, the total rain&ll was 0.92 inch for 55 days. This 
was the driest period of the year. After the subsidence of the flood- 
flow from the storm of October 23d, which took place about Novem- 
ber 3d, the flow for the first 30 days was 1.08 inches. For Decem- 
ber, exclusive of a sl^ht surface-flow afler the 17th, the flow was 
0.57 inch. These flows were practically all from storage. 

In June, although there was no surface-flo w carried over from May, 
the anderrun of the stream, excluding surface-flow, was 1.73 inches. 
The rain&ll was deflcient for the month, or lees than evaporation, and 
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all of this flow must have been from storage — ground and sarfsoe, 
Swartewood and Culver's lake have both been utilized as reservoirs 
for mills, and are controlled for a depth of four to Ave feet, with ex- 
treme variations in height of 5.5 feet at Swartswood and 6.5 feet at 
Culver's. These and other lakes on the water-shed represent a total 
storage of 0.7 inch on the entire water-shed, which storage is allowed 
to flow pretty freely to feed the respective mills. This and the addi- 
tional storage afforded by the meadows near Newton account for a 
"very lai^ first-month stor^e-flow. In July, the second month of 
deficient rain, as determined by the method pursued with the Sudbury 
river, the flow was 0.71 inch. In August, when th« ground-water 
seems to have been replenished near the close of the month, there was 
a flow for the first 20 days at the rate of 0.30 inch per month. The 
flow due to ground-water on the Sudbury and Croton was about 0.75 
inch the first month, 0.26 the second and 0.22 the third. Excluding 
the eflPect of surface-storage, it does not appear from the data in hand 
that the constants of flow for this stream will differ very much from 
this. 

The surface or flood-flow percentages are evidently hif^her than for 
the Sudbury, and flood-flows occur with less monthly rain than on 
that water-shed. June, with 3.42 inches rain, gives a fiood-flow of 
0.66, or about 17 per cent., against 10 on the Sudbury. 

From flood-marks at Hainesbnrgh the flood-discharge seems to be 
limited to 4,126 cubic feet per second, or 23 cubic feet per second per 
square mile of water-shed. The long, narrow shed below, and flat- 
ness of the upper, broad portion, favor a gradual discharge of surface- 
water. In cases of single heavy showers the time from the height of 
the shower to the height of the flood at Hainesburgh, does not exceed 
21 hours. The duration of flood-flows is from 4 to 8 days, although 
the water is not over the river banks much mofe than one-quarter of 
this time. The di^icharge reaches 1,800 cubic feet per second before 
the banks are overtopped, or about 10 cubic feet per second per 
square mile. The following notes were made at various places on the 
stream: 

Haine^urgh, — Water lowest this year (1890) of the past three 
years. Flood of September 18th, 1888, 4,126 cubic feet per second, 
or 23 cubic feet per second per square mile. 
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Kalarama. — Puoter's mill is on a. email branch of Paolinskill ; 
drainage area, 1,7 aqnare milee. Flood over in one day after heavy 
rain, fkoagh vater to run 26 horse-power for three months of year ; 
six months, 12 to 14 horse-power, and three months in summer, 
abont 6 horse-power. It is estimated from this that this small 
stream has a sammer flow of abont 2.4 onbio feet per seoond, or 1.4 
per square mile. 

JaeksorAwgh. — In drought of 1881 Mr. Samuel McConachy ran 
four hours by storing up the water. His mill is on a small branch 
of Panlinskill, having a drain^e area of 7.8 square miles. His 
statements indioate a minimam flow of 1.9 cubic feet per eeoond, or 
about 0.25 per square mile. Storm felt for only one day in stream. 

PaxiUna. — Mr. A. U. Soover's mill, ou the main stream, had 
enough water for one stone in the great drought of 1881, indicating a 
minimum flow of 17 cubic feet per second, or 0.13 per square mile, 
the water-shed being about 126 square miles. Rises within a day 
and stays up three or four days after a heavy rain. 

Stillwater. — Mr. H. Hopler gives an extreme dry-weather run of 
mill, which indicates a flow of 16. & cubic feet per second ; agreeing 
closely with the figures at Paulina. Kill gets high in five hours and 
stays up one to two days, then recedes. Does not get very muddy. 

BaletviUe. — From Mr. A. J. Bale's statements a flow of 6.3 cubic 
feet per second represents the minimum. The water-shed is abaut 50 
square miles, indicating a flow of 0.126 cubic feet per second per 
sqnare mile. The flow is steady. After a heavy rain the kill rises 
in a day and stays up two or tliree days. This is the highest mill on 
the main stream. Above this there are two branches. 

Lafajfette. — O. P. Armstrong's mill. Stream very steady. Doeft 
not rise rapidly unless the meadows are full of water ; then it will be 
high in a day af^r a storm and take eight or ten days to mn down. 
This is the eastern fork, and just above is the outlet of the Panlinskill 
meadows. The western branch has a rapid fall and steep water-shed. 
It rises suddenly and floods are of short duration. 

SwartnBOod Lake. — This lake is utilized for ston^ for the mill of 
John W. Kean, Esq., on the outlet. The extreme variation between 
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low and high-water levels ib 5.6 feet, representing a storage of 
121,000,000 cubic feet. Even with the lai^ etorage the flood-flow 
at the outlet has reached 1,070 cubic feet per second, or 65.8 cubic 
feet per second per square mile of water-ehed. With this great 
eton^e the power at the outlet is a very good, reliable one, always 
sufficient for three run of stone on 17 feet head. The water-shed is 
about 16 square miles and this is a good example of successful utiliz- 
ation of a small water- shed for power by meaus of storage. 

Oulver's Lake, at Branchville, is also utilized for stor^e for mills. 
It has a ston^ capacity between extreme levels of 137,000,000 cubic 
feet. 

PEQUEST BIVEE. 

This stream lies at the eastern side of the Kittatinny valley. In 
the midst of its water-shed, Jenny Jump Mountain, a. ridge of gneiss, 
rises and covers some 17 square miles, the total area of the water-shed 
being 158.2 square miles. The southern and eastern border of the 
area is also on the gneiss, but most of it lies upon the blue Hmestooe, 
and 30 square miles of this is very level, the remainder of the water- 
shed being of about the same slope as the Faulinskill. The length 
of the main stream is 32 miles from its remotest source, near 
Piukneyville, to its junction with the Delaware river at Belvidere. 
Its principal affluent is Beaver brook, which comes in from the north 
two miles from the mouth and drains 37 square miles. The fall of 
the m^n stream for the lower 10 miles is 27 feet per mile ; for four 
miles above this it is 2.5 feet per mile ; and this brings us to the oat- 
let of the great Pequest meadows which were drained some years 
since. These meadows have an area of about eight square miles, and 
before being drained they were extremely wet, under water much of 
the time, but they are now being brought under cultivation. In 1886 
they were nearly half in timber, but ttiis is now being cut o£F. The 
fall of the stream for five and one-half miles through these meadows 
is four feet per mile ; the next six miles have a fall at the rate of 4.5 
feet, and the valley continues nearly level to the source of the stream, 
which flows through a chain of small lakes. There is much drift on 
the basin, as it is crossed by the terminal moraine. Forest covers 18 
per oent. of the shed. A gauge was set up at Belvidere and read 
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from Febmary 12th to Jnlj 24th by Mr. Clinton Cole. Unfbrtn- 
nately he left Belvidere, and there is a gap in the record until October 
1st, when it was reaamed b; Mr. I. B. Keener. 

FLOW OP PEQDE3T EIVEB. 



Dmiiwee Awft, 158.0 Square MUes. 
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The same rainfall observations are used as for the Paolinskill. 
This record seems to show a better-sustained Bow than that of the 
PauliDskill, but there are some points sf marked similarity in the 
diagrams of daily flow. The lowest weekly average flow in this 
record was, July 13th to 18th, 105 cubic feet per second; the same 
week on the Paalinskill giving 78 cubic feet per second. We have 
also the following gaugings, which were furnished me by Mr. A. B. 
Searles, having been taken by Mr. O. P. Xiewis, during a time of low 
water: 

Nov. 16th, 1874, 3:30 to 4KX) p. u., 66.46 cubic feet per second. 
Nov. 17tb, 1874, 1:30 to 2:30 f. m., 68.26 " " " 
Nov. 18th, 1874, 10:46 to 11:30 a. m., 67.38 " " " 

These agree closely with the lowest observed flow in July of this 
year. During the dry period last November, noted in disoossing the 
Paulinshill flows, the Pequest discharged in the first 30 days 1.40 
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inches, and daring the second month 1.08 inches. In Jane, the flow 
was 2.43 inches against 2.29 inches on the Paulinskill. In July, the 
flow for 24 days was at the rate of 0.93 inch for the month. These 
facts all point to higher oonstants of flow than any of the streams 
which we have considered. This comes from the great stori^ 
afforded by the drift gravels and the flat meadows above. 

The snrfaoe-flows show mach less flnctuation than on the Paalins- 
kill. The floods do not reach a great height and require more time 
to discharge. The waters from the lower part of the main stream, 
where the slopes of stream and water-shed are steep, dischai^ first 
and are out of the way before the slow-moving floods from the flat 
tipper shed have come down. The height is reached at Eelvidere in 
about 36 hours, but the waters are not diachai^ed in less than from 7 
to 10 days. The eontr acted outlet and small preparation for heavy 
jlood-dischai^es are noticeable at Belvidere. The highest flood-marks 
pointed out indicate a flow of 1,996 cubic feet per second, 12.5 per 
square mile, and this mnst be the extreme limit. This is a light dis- 
cbarge for Northern New Jersey. 

At Ketcham's mills, one mile below Townsbary, the flood is stud 
to reach its height in from 12 to 24 bonrs, remmn high for two days 
and then recede slowly. Mr. Ketcham thinks the river is more fluctu- 
ating than it was before the drainage of the Pequeet meadows, and gets 
lower in summer. Mr. John Green, at the mill just above, thinks 
that the draint^ has improved the summer flow of the stream, as 
there is less loss from evaporation than from the great overfloweil area 
of former years. The majority of the mill-owners seem to hold the 
latter opinion. The maximum dischai^ at Townsbnry seems to be 
about 800 cubic feet per second, on 83.4 square miles of water-shed; 
about 9.6 cubic feet per second per square mile. As this point is at 
the outlet of the flat upper shed and the steeper parts are not involved, 
it appears to ^ree well with the observed discharge at Belvidere. 

Hie dry-season flow here has been estimated from the run of mill 
to be about 14 cubic feet per second. This was in the great drongfat 
of 1881. The rate would be 0.17 cubic feet per second per square 
mile. 

At Trauquility the maximum flood-flow indicated is 650 cubic feet 
per second, or 18.7 per square mile. At Hontsville, the greatest 
known discharge was 605 cubic feet per second, or 19.3 per square 
mile. These last two places are both above the Great Meadows, and 
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the increase of flood-flow over Townsbary is apparent, but the drain- 
age area is still very flat. The flood at Huntsville, referred to, re- 
mained very high for two days. The river does not get very maddy 
in floods. 

Green's pond has a capacity of 10,000,000 cubic feet between its 
extreme levels. This is all natural storage. Hnnt's pond is utilized 
for storage for the mill of T. F. Htmt, Esq., with a capacity of 
7,246,000 cubic feet. Allamnchy pond is also utilized, with 27,000,000 
cubic feet capacity. The flood-flow at its outlet is 40 cubic feet per 
second for 1.7 square miles of steep water>shed on Archean rock. 
With the same area on slat« rock, with gentler slopes. Hunt's pond 
gives a maximum of 43 cubic feet per second. This is another good 
example of the utilization of a very small water-shed for power by 
means of storage. Mr. Hunt has always enough power for one run 
of stone in the dryest weather on 30 feet fall. 

MUSCONETOONG RIVEB. 

This stream has a long, narrow water-shed in the Archean High- 
lands. The higher ground is Archean rock, quite well covered with 
soil ; the valley bottom is limestone, with some slate in the foot-hills. 
The width at the mouth is 2 miles, very gradually increasing to 4 
at Hackettstown, 26 miles up the valley, then narrowing to less than 
3 to 6 miles ferther up, at Waterloo. On thef e 32 miles of the oonrse 
the stream flows at the southeast side of a very straight valley, above 
which the bills rise from 400 to 500 feet. Just above Waterloo the 
main stream comes into the valley from the plateau southeast, while 
the upper part of the straight valley is occupied by the principal 
affluent, Lubber's run. The combined sheds of the two forks widen 
out to 6 miles, and extend 12 miles northeast from Waterloo. This 
upper area is quite lai^ly covered with drift, and is more wooded 
than the lower parts. Lubber's ran has 87 per cent., and Lake 
Hopatcong 94 per cent, of its area in forest. Od both branches there 
has been a considerable amount of stor^ utilized by the Morris- 
canal, to feed that water-way. Lake Hopatcong has a drainage area 
of 26.4 square miles, and has been raised by a dam at the outlet so as 
to give a stor^e of 1,100,000,000 cubic feet. This storage is used to- 
feed the canal in both directions, so that some of the waters of the 
Musconetcong are diverted to the eastern elope of the State. " It is- 
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stated tbat the Stanhope mill has rights to the original power at the 
outlet, and that &a opening of 10 by 36 ioches is kept for the por- 
poee of supplying the mill." (Newark Aqueduct Board, report on 
Additional Water-Supply, J. J. R. Croes and Geoi^ W. Howell.) 

Stanhope reservoir, two miles below, affords additional storage. 

On Lubber's ran. Cranberry reservoir and Bear ponds are utilized 
for storage. This complicates the flow of the stream somewhat. 
There is naturally arneh disagreement between the canal company 
and the many mill-owners on the lower part of this vslnable water- 
power stream. It is evident, from the digram of this year, that the 
£ow has been kept up during the dry months by allowing some water 
to run from storage. How it may be in very dry years is not evi- 
dent, of course. There is a marked difference of opinion among the 
mill-owners themselves as to whether they are benefited or injured 
by the storage. The diagram which appears herewith shows the 
effect of storage, not only in the dry-season flows, but in the cutting 
down of flood-flow, as compared with other streams. 

The source of this stream is in the Sparta Mountains, near the 
Pine swamp, 52 miles from the month. The fall for the lower 8 
miles, is 16 feet per mile ; the next 22 miles, from Hackettstown to 
Bloomsbury, have 12 feet per mile; fiom the mouth of Lubber's 
run to Hackettstown, 8.5 miles, the &11 is 16 feet per mile; while 
from Lake Hopatcong down to the valley of Lubber's run, the 
stream fells 55 feet per mile, for 5 miles. 

A gauge was set up at Fineaville, at the mills of Messrs. Taylor, 
Stiles & Company, and taken in charge and carefully read by these 
gentlemen. These gainings are believed to be very close to the truth, 
the overfall being favorable to good results. Several gaugings of 
the Morris canal flow were also made. The following table gives the 
results: 
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Dninage Ai«b, 155.8 Bquue MUea. 





S 

1 

1 


1 
7 

1 


FLOW m CUBIC 

PKB SBCON 


PBST 


MONTH. 


o 


1 


< 




1.97 
6,15 
2.81 
6.68 
3.42 
5.30 
5 21 
4.00 
5.17 
0.70 
3.07 


1.41 
3.22 

2.59 
2.76 
1.32 
0.83 
0.72 
0.83 
1.20 
0.80 
0,97 


512 
1,019 
632 
801 
334 
265 
166 
357 
334 
188 
3S4 


227 
U8 
206 
166 
72 
61 
61 
61 
89 
72 
72 












jSf 






































44.38 


16.65 













Gangings of the Morris canal indicate an average summer flow of 
100 oabic feet per second, which is drawn from this water-ehed. 
The winter flow may be taken at 80 cubic feet per second. This i» 
equivalent to a draught of 0.72 inch per month, on the Mueoonet- 
cong water-shed, for the eight months of navigation, and 0.57 inch 
per month for the winter months, making a total of 8 inches for the 
year, or 7.26 inches for the above period of gauging. Adding this, 
we have a total flow for the period of 23.90 indies. The Paulins- 
kill shows 22.29 inches for the same period. The canal runs through 
the river at Waterloo, Stanhope and Sazton'e Falls, complicating 
matters so that no actual gauging of the amount of flow from storage 
to the stream could be made. The above measurements indicate a 
general resemblance between this stream and the Paulinskill and 
Pequeet. 

At Fineaville, it appears, from the statements of Messrs. Taylor, 
Stiles & Co., that the river has not run much lower in the last 
six years than the above record indicates. It requires four hours for 
the water to reach here from the mills just three miles above, which 
would indicate a velocity of 0.75 mile an hour. The maximum 
flood-flow, indicated by high-wat«r marks here, is 1,960 cubic feet 
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per second, aboat 12.8 per square mile, which seems very small, bat 
is apparently correct. An ordinary flood discharges aboat 1,600 
cnbic feet per second. It ehoald be noted that the extremely narrow 
lower shed and storage on the apper area both oontribate to redaoe 
the rate of dischai^ 

At Bloomsbary, Mr. F. G. Hofimaa places hia dry-seawm power 
at a rate eqnal to aboat 70 cabic feet per second. 

At Imlaydale Mills, Mr. S. 8. Cramer has a well-eqaipped mill, 
which indicates a low-season flow of a little less than 56 cubic feet 
per second. 

At Stephensburg, the mill can run two run of stone about all the 
time, indicating a flow of 35 cubic feet per second. 

At Haokettstown, Mr. Lewis J. Yoongblood reports that he has 
not stopped his mill more than 30 days since 1863 for lack of water. 
He nins three ran of four-feet stones, on 9,5 feet taM, with a breast- 
wheel. He uses about 70 cubic feet per second, and has a consider- 
able pond^. At the saw-mill above, 12 horse-power was obtained 
all through the dronght of 1881, on eight feet fall, indicating a flow 
of 26 cubic feet per second. The stream here is said to reach its 
height 24 boors after a heavy rain and requires two weeks to run 
down to its ordinary stage. At Saxtou Falls, where the Morris 
canal and the river finally separate their flows, the flood-flow of the 
river is 1,080 cubic feet per second, the water-shed being about 68 
square miles. This is at the rate of 15.9 per square mile, a low rate, 
agreeing with that at Finesville. 

Many not«8 have been made indicating the peculiarities of other 
Kittatinny valley streams which have not been gauged, but these 
notes need not be given here, as they will be mostly valuable to indi- 
cate points of similarity or dissimilarity to the typical streams which 
we make use of in detemining general laws, when we come to take 
up the several streams in detail later on. 



DELAWABE RIVEB. 

This stream is a most interesting study in hydroli^, and the re- 
sults of a thorough investigation of it could not &il to be of great 
economic and scientific value. It has not been possible to do much 
with the ganging of it as yet. The only data which we have been 
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able to obtain were some relating to maximnm and miDimum flows. 
At Centre Bridge a mark was made by Col. Simpson Torbett and 
Martin Coryell for the very low water of 1831, and since then, in 
1879 and 1881, very low stages have been referred to the same mark. 
The mark is on the New Jersey abutment of the bridge. In 1831 
the water was 12 feet below this mark; in 1879 12.5 feet, and in 
1881 13.21 feet. (See Climatology, page 376.) During the past 
sammer a section of the river was carefully measured and sounded a 
few hundred feet below the bridge, and the velocity of the current 
measured with mid-depth floats. Surface velocities were also meas- 
ured in the same vertical. The mid-depth velocities averaged 0.86 
of the surface velocities and the variation was very slight. The slope 
of the river was determined by leveling, and a computation of the 
mean velocity by means of Ganguillet & Kutter's formula gave 2.66 
feet per second against 2.86 feet per second observed with mid>depth 
floats. This fair agreement was taken to establish the applicability 
of this formula lo this portion of the stream. (N ^= .024 was selected 
from examples of similar gaugings.) 

The flood section was carefully measured at the point of ganging, 
and the average slope of the stream bed for aix miles above was found 
to be 3.22 feet per mite, or 0.61 feet in one thousand. Levels were 
takes for the surface slope of a slight flood of November 1st and 
found to show 0.42 feet in one thousand. From these observations 
it seemed conclusive that the slope of the flood of 1841 was 0.61 per 
thousand and this is borne out by comparison of known high-water 
marks. On this slope and the measured cross-section a computation 
of the flood dischai^e was made by Ganguillet & Kutter's formula, 
the results being given in the table below. (R = 20.28, N =^ .024, 
S=.0006.) 

For the minimum flows the heights of the different surfaces were 
platted ou the measured cross-section and the respective cross-section 
areas measured. The river slope was supposed to remain oonskant at 
what it was at the date of gauging, 0.24 in one thousand ; it could 
not fall below this materially. The only material error in these 
assumptions arises from the lowering of the bed by erosion during 
the 59 years intervening between the flrst and last gauging. The 
effect of this would be to overrate the discharge for 1831, but the 
error is not believed to be serious. 

In order to get the total flow from the water-shed, the feeder of the 
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Delaware and Raritan canal and the Pennsylvania canal were both 
ganged, the flow of the former bang ascertained to be 515.5 cubic 
feet, and the latter 69,4 cubic feet per second. This total flow of 575 
cubic feet was added to all gaagings save that of 1831, which ante- 
dates the construction of the canals. The following are the measured 
discharges, the first two being at the time of gauging with the river 
at an ordinary autumn stage, having been receding since the flood on 
the first instant, and at this time just beginning to swell again slightly: 



OOUPTJTED PLOWS OP THE DBL&WABE AT CENTRE BRIDGE. 
Ihunsge Ar«ft, 6,790 Square Miles. 
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During a discussion of the flow of streams at a meeting of the 
American Society of Engineers, of which he was then Vice Presi- 
dent, the late Ashbel Welch, C.E., gave the following information. 
This was November 3d, 1879 : 

" The river Delaware discbai^ee, at the dryest seasons, a little less 
than 2,000 cubic feet per second. * « * When I first knew the 
Delaware, nearly half a century ago, the minimum flow was probably 
4,000 feet per second, twice as much as now. 

" The 2,000 cubic feet per second was a measurement some years 
ago ; the 4,000 cubic feet was a very rough measurement at the time 

Lt this time, having broken its bank near Lam- 
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in variooB ways, Done of them aocnrate, bat still corroborating eaob 
other, 80 that I probably got results within 10 per cent, of the truth."' 

These statements i^ree with the results of our gaagings. No sacb 
figures can be taken as oonclusive proof that there is a &Iling off in 
the summer flow of the Delaware. The rainfall records at Phil- 
adelphia certainly fail to show any comparison in drjmess between 
1881 and 18S1. The latter drought was far more severe, and until 
we have gangings for one or more equally dry years previous, we 
shall have no evidence that the flow of 1881 was exceptionally low. 
True, the opinion of so careful an observer as Mr. Welch is entitled 
to the greatest respect, but no one can claim it to be proven that there 
is a falling off in the flow. The weight of opinion and testi- 
mony is in favor of such an inference. It must be remembered, how- 
ever, that great extremes of recent oocurrence always overshadow 
earlier ones, seen in the dim perspective of memory only, and the 
most experienced mind cannot compare them with full justice to the 
earlier phenomena. 

This is mentioned because of the fact that much similar evidence- 
has been used to prove the effect of denuding water-sheds of their 
timber in decreasing the flow of streams. I have found no evidence 
of this in New Jersey, nor do I expect to find it, although 1 shall 
look for it most carefully. The fact is, that New Jersey forests were 
cut at a very early date, and have since grown again several times, 
being now cut like other crops, a piece here and one there, the other 
areas meanwhile becoming reforested. Probably the greatest period of 
deforesting was just at the close of the epoch of charcoal furnaces 
and forges. The evidence is strong that the cutting off of heavy 
vii^n forests will cause more frequent floods, and that such has been 
the effect on the Delaware; it is reasonable to suppose that the 
summer flow will also be somewhat affected, but competent evidence 
of this is very difficult to obtain. 

As to the flood- discharge, Mr, Welch gave it as his opinion that it 
reached 350,000 cubic feet per second. The above discharge of 
190,860 cubic feet per secoud is believed to be the largest that ever 
occurs, for the area of cross-section for highest flood at Centre Bridge 
is about uniform for some distance, and the river banks are steep, the 
flood-width being only 140 feet wider than the width of (he river at 
ordinary stages. These banks are of gravel and sand. Any higher 
velocity than that above given would cause much greater erosion than 
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is apparent, and indeed it ia difficult to see hov even a mean velocity 
of nearly 11 feet per second is withstood. 

The area of the water-shed above Centre Bridge is about 6,790 
square miles, so the above Sood-dischai^ is at the rate of 28.1 cubic 
feet per second per square mile. It is eqnal to a flow of 1.06 inch 
on the shed in 24 hours. The minimam flow in 1881 was at the rate 
of 0.25 cubic feet per second per square mile. The minimam flow of 
tlie Connecticut is said to be from 0.25 to 0.30 onbic feet per second 
per square mile, and the maximum, about 20. The Schuylkill dry- 
season flows, for several years, are given in the Census Report on 
Water- Power, and are interesting in this connection : 

DfiYHSBAfiON FLOW OF THE SOHDYLKILL. 

Drainage Area, 1,912 Square Miles. 
1816 771 cubic feet per eecond. 



1874 380 

1876 310 

The last is at the rate of 0.165 cubic feet per second per square 
mile. 

Of the Delaware floods, Mr. Welch says : 

" The discbarge in the highest flood ever known before 1841, that 
of 1787, was not more than two-thirds as much as that in the great 
flood of 1841." 
J. J. R. Oroeg — " Has there been any great flood since 1841 ? " 
Ashbel Welch — " There have been two, one of which was nearly if 
not quite as high. The flood of 1841 and two subsequent floods must 
have discharged nearly twice as much water as any previous floods 
since 1787, and 50 per cent, more than the flood of 1787. I suppose 
that there is not, at the lowest stages, more than half the water in the 
Delaware that there was half a century ago, and that the highest 
floods carry off 60 per cent, more per hour than any flood known 
before 1841." (Trans. Am. Soo. C. E., July, 1881, page 243.) 

In the Annual Keport of the Chief Engineer, United States Army, 
for 1873, Appendix U 19, there is a full report on the Delaware be- 
tween Easton and Trenton, made by Assistant Engineer Mansfield 
MerrimaH. The following notes of floods, known locally as " freshes," 
have been abstracted : 
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" The time required to bring a raft from tliese points to EastOD 
varies with the height of water and direction and force of wind. In 
ordinary rafting freshets of five to ten feet {rise), however, the time 
appears to be, from Delhi to Eastoo, 165 miles, 40 to 48 hours; 
from Walcott to Easton, 165 miles, 40 to 48 hours; from Hancock 
to EafitoQ, 125 miles, 30 to 36 hours; from Callicoon to Easton, 100 
miles, 24 to 30 hours ; from Easton to Trenton the time is from 10 
to 12 hours; so that the entire trip from Walcott or Delhi to tide- 
water is performed in from 50 to 60 hours, showing the mean velocity 
to be from 4,3 to 3.6 miles per hour. 

" In general it may be said that the river is subject to three classes 
of floods : the ioe floods, which happen at the breaking up of the 
river; the rafting floods, occurring later, from the spring rains, and 
the fall floods, caused by the storms of September and October, which, 
however, are very irregular. 

"The ice floods, at Easton, are usually from 10 to 20 feet in 
height, but on many occasions have been known to rise much higher, 
the 'great flood' of 1841 having reached 35 feet. The great acccu- 
mnlation of water here is owing to the influx of the Lehigh, a very 
turbulent stream iu time of freshets, and to the narrow, steep banks 
between which the Delaware is confined, its width being less than 600 
feet 

" The rafting freshets in the spring are of less rise, but of longer 
duration than the ife floods ; at Easton, ranging from 3 to 10 feet; at 
Lambertville, 1 to 8 feet, and at Trenton, 1 to 6, feet. A very 
remarkable rise, however, occurred on June 8th, 1862, which was 32 
feet at Easton, and next to that of 1841, the greatest flood on record. 

" The following is a partial list of tiie ' great floods,' with the heights 
to which they rose, as nearly as can now oe ascertained : 



KAHB OF FLOOD. 
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,1814 
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Januar? 8tb, 1841 

October 13t]i. 1843 

March 15th, 1846 
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October — , 1869 


14 feet at Lambertville. 
12 feet at LarabartTiUe. 

14 feet 6 inches at Lambertville. 
( 35 feet at Easton, 23 feet at Bull's 
i Island, 20 feet at Lambertville, 
I 28 feet at Lamsin's inland. 
14 feet at Lunbertville, 
17 feet 6 inches at Lambertville. 






Exact height not known, . 
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" The point whiob has been particularly forced upon my attention, 
in connection with this snl^eot, is the great frequency with which 
floods now occur, as compared with the time previous to 1 835. While 
the preceding table is supposed to contain the record of every 'great 
freshet' previous to 1841, it by no means shows those occurring since 
that date. In fact, they have become too common to be a matter of 
record. Previous to 1835, floods of 12 feet, at Lambertville, were 
considered very high, while 14 feet had been attained only three times 
within the memory of man — in 1786, 1801 and 1814, But since 
that time, floods of 14 feet have become common, while three have 
occurred — 1841, 1846, 1862 — in which probably one-third to one-half 
more water has been discharged than in any previously known. This 
is undoubtedly to be attributed to the clearing away of the forests in 
the river basin. 

" To recapitulate, then, this branch of my snbject, I may say that 
the stage of the river throughout the year ie ordinarily as follows : 
January, frozen and medium height ; February and March, breaking 
up and high; April, May and June, high; July, subsiding; August 
and September, low; October, low, but subject to high freshets; 
November, low, often very low; December, rising a little and 
freezing," 

These stages agree well with those of the Connecdcat, and the 
further agreement in low seasons and flood-discharges oonfirniB the 
belief that the valuable record of flow of this stream may serve as a 
good basis for computing the flow of the Delaware. The flood of 
1869 rose 32 feet at Shapnack island, below Dingman's Ferry. At 
Walker's Ferry it was 2 feet lower than in 1841 ; it b^an to rise at 
midnight of Sunday, reached its height Monday at 3 p. h., and was 
within its banks again Tuesday aflernoon. There was a high freshet 
on April Ist, 1854, on the upper Delaware. December 15th, 1878, 
there was a freshet which was nearly as high as that of 1869 at 
Smith's Ferry, according to Mr. D. H. Smith, This freshet rose 20 
feet at Carpenter's Point. Mr. Smith says an ordinary freshet 
requires a day to reach its height, stays at its maximum only an hour 
or two, and recedes in another day. 

The collection of fuller flood-notes of this stream is desirable, and 
a careful study of its flow should be made. Almost everywhere the 
flood plain of the river has been bnilt up to the height of maximum 
floods, for with its rapid current the stream tears away great volumes 
of earth, and as soon as the water spreads over the flats, and the 
current is checked, this detritus is deposil«d. 

The Lehigh is a very violent stream, and carries much silt. The 
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difiereoce betweea it; ftnd the upper Delaware, which is clear, is very 
noticeable at Easton, their point of confiueace. The draiaage areas 
of the Delaware above Callicooo and of the Lehigh are aboat equal, 
and floods reach their height at CallioooD and on the Lehigh, at 
Easton, in about the same time after a storm. The flood^waters from 
the Ijehigh will have all been discharged, however, before those from 
Oalliooon reach Easton. Thus it is that, as a rule, the maximum 
discharge on the lower part of a stream of large water-shed is at a less 
rate per square mile, bat of longer duration, than on the smaller 
tributary water-sheds. The flood-flow of the Lehigh appears to be at 
least 55 cubic feet per second per square mile. 



BAHAPO BTVBK. 

This is one of the many branches of the Passais. It rises in 
Orange county, New York, and is essentially a Highland stream. 
For a topographic description of the country which it drains, see the 
Physical Description of New Jersey, under " The Highlands." Its 
total drainage area is 160.7 square miles. Most of the course of the 
stream is in a low valley, among or to the east of the Highland 
ridges, which rise from 700 to 1,000 feet above. About 76 per cent 
of the area is in forest. Tuxedo, Sterling, Mount Basban and several 
smaller lakes aflbrd a considerable natural storage. At Pompton, 
1.5 miles above its confluence with Pompton river, the stream has ■& 
natural fiill, over a reef of trap rock, of about 16 feet, this being in- 
creased to 20 feet by a dam. Prom the head of the pond, two miles 
farther np stream, the falls are as follows : From Sufifern, at the New 
York line, 10.5 miles above, 6.7 feet per mile ; from Augusta, nine 
miles ferther, it is 18 feet per mile ; from Turner, seven miles above, 
it is 7 feet per mile. The total length of the stream, from its 
remotest soaroe, is 34 miles. 

A gauge was set op at the works of the Pompton Steel and Iron 
Co., and read by Mr. Alfred Richards. The diagram of daily flows 
is pablished herewith. It shows a marked resemblance to that 
of the Faulinskill if we make proper allowance for the heavier 
rain&lls. The following table gives the flow by months : 
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Total 


48.92 


23.63 


Perceatage for year, 47, 



For 14 daya in July the discharge did not vary appreciably from 
43 cnbic feet per second, the average for the period. From Augnst 
3d to dth, it was 41 cubic feet per second. These were the lowest 
weeks of the year. Dariog the dry period — October 25th to Decem- 
ber 17th — the rainlidl here was 1.89 inches, more than double what 
it was on the Panlinskill water-shed. The flow during November 
was 1.10 inch, and for the first half of December at the rate of 0.67 
inch per month. Allowing for the greater rainfall this indicates a 
similarity of dry-season flow for the two streams. The nnderrun of 
the stream in the summer months is quite well shown by the diagram 
despite the heavy rains. It appears to be about 0.90 for June, 0.32 
for July, and 0.28 for August. These facts indicate a flow for dry 
months between that of the Sudbury and that of the Croton, but 
more closely approximating the latter. 

Floods reach their height in from 24 to 36 hours after a heavy 
rain, usnally within 24 hours, at Pompton, and recede in from fonr 
to six days. The highest water ever known was in September, 1882. 
It discharged at its maximum 10,640 cubic feet per second ; 66.1 
cubic feet per second per square mile. Floods of 4,600 cubic feet 
per second are said to be quite common. It will be seen tliat this is 
mooh heavier than on any stream heretofore considered. 
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WAKAQDE BIVEB. 



This K another of the braoches of the Paasdc quite similar in 
character to the Ramapo. The Morris Canal Company utilized 
Greenwood lake, on this water-shed, for storage ; the capacity being 
1,340,000,000 cubic feet, according to Messrs. Croes and Howell. 
The water-shed of the lake has an area of 28 square miles. The 
draught from this storage runs down the Wanaque to the canal feeder 
below PomptoD, increasing the flow of the stream in summer, while 
the flood-flows are somewhat diminished. 

A gauge was set up, on the first of October, at the newly-erected 
dam of the H. J. Smith Electric Fuse Works and Pompton Spun 
Silk Manufacturing Company, at Pompton. It was read by Mr. 
James Frazer, 

FLOW OF WAHAQDE BIVEB, 1890-91. 
Drainage Area, 101.0 Square Uiles. 
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Total 


19.57 


14.22 









The snows in December, which appear as rain in the record, melted 
in January and increased the flow. This is an illustration of the in- 
accuracies which arise from dividing the rainiall and flow years in 
the midst of the storage period. January 1st is one of the worst 
times to make such a division if we attach any value to yearly per- 
centages in statistics of flow. 

The flow during the November dry period was, for the first month, 
0.93 inch, and for the first half of December it was at the rate olT 
0.50 inch per month, showing some resemblance to the Croton and 
the Ramapo. 
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There were quite heavy floods, Jaouary 23d, all over the State, and 
on the Wanaque the flow reached 4,943 cubic feet per second, or about 
49 cubic feet per second per square mile. The greatest floods are 
considerably above this and probably approximate closely to those of 
the Ratnapo, 66 cubic feet per second per square mile. 



PEQDANNOCE BIVEE. 

This is another branch of the PassMc, and with the Ramapo and 
Wanaque it forms the Pompton river just below Fompton. Its drain- 
fl^ area lies high on the Archean Highlands. For nearly its whole 
course it flows transversely to the ridge and valley structure of these 
Highlands, thus differing from the Ramapo and Wanaque, which flow 
through deep valleys. The headwaters of the Pequannock are at an 
elevation of nearly 1,500, while the mouth, at Pompton, is only 170 ; 
consequently the stream has great fall. Prom Post's dam, at Riverdale, 
two miles above the junction of the Ramapo, to New Foundland, 
12.5 miles above, the fall is 45 feet per mile; thenoe to Wallace's 
Coroers it is 9.2 feet per mile for 6.5 miles ; for two miles above this, 
to Stockholm, it is 30 feet per mile. The water-shed is six or seven ' 
miles wide by 16 miles long, and the branches are quite uniformly 
distributed along the course of the main stream, mostly coming in 
from the northeast. Forests cover 78 per cent, of the area. 

A gauge was set up at Post's dam and taken in chai^ by John F, 
Post, Esq., being read by his son from February 8th to May 5th and 
by Mr. J. H. Furey from September 27th to January 31st, 1891. 
Conditions here were not favorable to accuracy, and the flows given 
must be used with some caution. This is a matter of r^ret, as the 
stream is an important one, but the errors are not so great as to fail 
to point out any marked peculiarities of flow which might exist. 
The record is a broken one. 



^j By Google 



ANNUAL REPOET OF 



FJLOW OF THE PSQFASKOCE, 1890-91. 
DraiiiBge Area, 84.7 Sqnare Miles. 
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33.63 
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These obeervations are ineufficient to base any oonoltuioos upon as 
to the flow of the stream, excepting that they are iomewhat lees than 
the actual flow uid indicate a general resemblance to the Croton and 
Ramapo water-sheds. There are also indications that the rainfall 
stations do not fairly represent the fall on the shed. During the 
November dry period the rainfall for the flrst month was 1.42 inches, 
and during the first half of December at the rate of 0.44 inch per 
montli. The latge flow of the first month nay be accounted for by 
the lai^ natural and artificial storage of the many ponds of the 
water-shed. These fiicts point to a ground-flow quite similar to the 
Sadbory, and I have little doubt that this similarity will be verified 
by further observation. 

The greatest known flood-discharge, aooording to Mr. Poet, has not 
exceeded 4,460 cubic feet per second, or 62.6 per square mile of water- 
shed. A discharge of 43.7 cubic feet per second per square mile is 
rarely exceeded. 

On January 23d, 1891, the dischai^ reached 23.52 cubic feet per 
second, about 27 cubic feet per second per square mile, as against 49 
cubic feet for the same flood on the Wanaque. 
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Little iaformatioD oould be obtained aloog tlie Pequannock becanse 
of the iact that a water company is buying np the ^ter righta, and 
«everal were not yet closed out at the time of going over the ground. 
At New Foundland Meesrs. Bigelow Brothers claim to always have 
^nongh water for their saw-mill. They have little ponds^, and their 
wheel requires 48 cabio feet per second when running full. Probably 
24 cubic feet per second would suffice to run in the alternating 
manner which is usual with auoh a mill. At Mr. J. J. I^roe^s grist- 
mill it appears that the flow falls below 44 cubic feet occasionally ; to 
what extent below could not be determined. The stream here is said 
iJi rise quickly and run down in two or three days. It keeps quite 
free from mud in floods. At Stockholm it is said that the stream 
Tuns very low in summer with great r^ularity, at about the same 
4ime, and tliat it now runs much tower than formerly. 



BOCKAWAT RIVER. 

This is the next branch of the Passaic to the south, and is a High- 
land stream with a strong resemblance to the Pequannock in the 
■character of its water-shed. It also flows southeast, across the High- 
land ridges, but its ftU is less uniform than that of the Pequannock. 
For six miles above its junction with the Passaic the feU of the 
Bockaway is 2.3 feet per mile ; thence to Old Boonton, two miles up, 
it is 32 feet per mile. This is at the base of the Highlands at the 
west Bide of the Central Passaic valley, and the river has a rapid 
-descent as it issues from the plateau. From Boonton to Old Boonton, 
1| miles, the total fall is 240 feet, affording one of the fine water- 
powere of the State. For 1 1 miles above, to Dover, the fall is but 
7.3 feet per mile, and thenoe to Woodstock, 12 miles by the stream, 
it is IS fe^t per mile. From source to moatit the stream is 40 
miles in length. The area of the water-shed is 157.2 square miles, 
■and 80 per cent, is in forest. A gauge was set up at Boonton, and 
read by Mr. Martin Ginder. This is not a good locality for the 
purpose, but, nevertheless, the record is a valuable one. It has not 
yet been reduced. Another gauge was set up at Dover, and read by 
Messrs. Smith and Jenkins. It was impossible to obtain the flow at 
this point excepting on Sundays, when the mills were shut down. 
The gaugings are given as they were taken. 
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FLOW. OP THE BOCKA.WA.Y AT DOVEK, 1890. 
Dnunage Area, 62.2 Square Miles. 
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The above gaagings indicate a very large sammer flow. The 
water-shed above Dover includes that of the LoDgwood valley 
above Port Oram, which is described under the gaugiugs at that 
point; and also the water-shed of Green Pond brook, 16.4 square 
miles in area. This latter shed has pondage a^regating 728 acres 
in area, and some swamps. A draught of 16 inches on this pond^e 
would add an inch to the flow of the water-shed, and a draught of 
two feet would add half an inch to the flow of the entire shed above 
Dover. Comparing, these gangings with those at Port Oram, just 
above, they are found to indicate a much larger proportional flow^ 
and I have not considered it safe to base any conclusions upon this 
Dover series, as there is danger that the flow is increased by large 
draughts upon artificial ston^, which have been noted. 

Another gauge was set up at the new mill of the Luzembourg Im- 
provement Company, at Port Oram, and read from November 15tb 
to January 15tb by Mr. N. J. Peltier, the superintendent. 
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■FLOW OP BOCKAWAY lUVBB AT POBT OBAM, 1890-91. 
Dnunage Area, 29.9 Square Miles. 
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This record, if continued, will give a good iodioation of the flow 
from the smaller Highland water-sheds of the class which have their 
■drainage through deep, narrow valleys, of which we have many 
examples. The Rockaway above Port Oram runs through the Long- 
wood valley, which has quite a moderate slope along its axis and 
some marsh, with considerahle beds of drift;, all of which featoree 
•oontribute to steady its flow. The hills rise about 600 feet above the 
valley, and 90 per oent. of the water-shed is in forest. Daring the 
November diy period the Sow seems to have been at the rate of 1.20 
inchee per month for the first month, and 0.95 inch for the second, 
December shows a better-sustained gronnd-flow and less flood-flow 
than any of the other Highland streams, a r«eult to be expected from 
the character of the water-shed. Inquiry along the stream seems to 
indicate that the flow rarely, if ever, lalb below the above minimum 
of 12 cubic feet per second. Springs are abundant alt through the 
valley, and the steady, well-sustained, dry-season flow is a matter of 
common observation. At Baker's Mills the stream is said not to 
respond promptly to very heavy rains, requiring 24 hours to reach 
its height, and freshets last from three to four days, remaining 
stationary for some hours. The stream carries little silt, remaining 
free from mud in floods. 

At Boonton Mr. Charles F. Swain, Civil Engineer, made gauginge 
during the past summer as follows : August 6tb, 109 cubic feet per 
second; August 15th, 136 cubic feet per second, and September 9th, 
SO cubic feet per second. The area of the water- shed above this 
,point is 118.9 square miles. The last was taken at night, and most 
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clearly Tepresents the ordinary run of the stream, rather underratiDg^ 
than otherwise. The Bamapo at this time averaged 93 cabic feet 
per second from 159.5 square miles of water-ehed. 

Mr. Charles F, Swain kindly famished me with a copy of hia 
report to the estate of J. Couper Lord on the water-power at Boon- 
ton, from wbiofa. the following extracts are made; 

"The aven^ monthly flow for each month was asc^rtuned by 
using the ratio for each month as found by previous gaugings of the 
Passaic at Paterson. 

"The average flow of the smallest month of the dry year, which 
occars about once in seven or eight years, I have estimated to be 20 
cabic feet per eeoond. The average for the smallest month of the 
average dry year, I have placed at 29 cubic feet per second," 

The flood-flow indicated at Boonton, by known high-water marks,. 
is at the rate of 4,800 cubic feet per second, or 32.2 per square mile. 

UPPEE PASSAIC. 

This stream lies mostly on the red sandstone, and has mucb 
swamp on its water-shed. At Chatham it is reported to get very 
muddy in time of flood. Its low-season flow seems, from reported 
run of mills, to be about 25 cabic feet per second, rarely lower than . 
this. The area of the water-shed is 99.S square miles above this- 
point. 

PASBAIC EIVBB. 

The Passaic is one of the most valuable of onr northern streams. 
It has been so fully described in these reports that little remains to- 
be added. Its various branches, with the area of their water-sheds- 
and percentage of forest, are given in the Physical Description of 
New Jersey. The head of tide-water is at Passuc, 13.6 miles above 
the month on Newark bay. At the foot of Dundee dam, four 
miles above, the stream is six feet above mean tide. Just above the 
head of tide, Saddle river comes in from the northern red sandstone 
plain, rising in Rockland county, New York, and draining. 60.7 
square miles, of which 28 per cent, is in forest. Dundee dam raises 
the river to 37 feet elevation, and at the foot of Passaic falls, 7.2& 
miles above, it is 40 feet above mean tide. Excepting Saddle river, 
only a few small branches are received below this point. At the 
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Jalls tlie riTer leaps sheer 70 feet over a reef of trap rock, at a 
depression Id First Moantain. From the top of this fall to the foot 
of the series of falls and rapids known as Little Falls, the rise is 
eight feet Here there is a &11 of 40 feet in three-quarters of a 
mile over another trap reef. This is the outlet of the Passaic 
valley proper, a flat-bottomed valley between the First and 8ecx>nd 
Monntains and the southeastern foot of the Highlands, 8 to 12 
miles wide and 32 miles long. This valley is covered with great 
masses of glacial drift at various points, and has large areas of flat 
meadow. Three miles above Little Falls, and at about the same 
elevation with the head of the falls, the slope of the stream bdng 
very gentle, the Pompton river comes in from the north, being 
formed, as we have already seen in the study of those 8ti«ams, by 
the confluence of the Ramapo, Wanaque and Pequannock at Pomp- 
ton, six miles above the confluence with the Passuc In these six 
miles the Pompton has a total iall of 10 feet. It is a violent stream 
and its floods come into the Passaic with so high a velocity that driil- 
wood is freqnently carried far np the flat valley of the nuun stream, to 
the southward. Just above, on the main stream, lies the Great Piece 
meadows, through which the PassMC flows in a tortuous channel, 
spreading its waters, in time of flood, wide over the area, to stand for 
days and weeks until they can And an outlet at Little Falls, through 
the restricted passageway which ia now being deepened and im- 
proved for the better drunage of this valley. From the mouth of 
the Pompton to where the Itoohaway and Whippany are received 
from the west, 12,5 miles above, the fall is only 3 feet. The 
Whippany also has great meadows just above its mouth, over which 
its waters spread in floods. For nine miles above the mouth of 
the Bockaway the Passaic has a fall of 4 feet ; 6| miles 
above Lower Chatliam bridge has a fall of 36 feet ; about 6.6 feet 
per mile. Above this the stream has a drainage area af 100 square 
miles, most of which is very flat, although the headwaters are in the 
Highlands at Mendham, 23.6 miles above Chatham, by the stream. 
The total length of the stream which bears the name Passaic, from 
Mendham to the mouth, is 83.5 miles, measured by the stream. From 
source to month, in a direct line, is only 26 miles. 

The area of the entire water-shed is 949.1 square miles; of this, 
510 square miles is on the Archean Highlands; the remaining 262 
square miles above Little Falls is in the Central Passaic valley, on 
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the red sancUtotie, and the rest of the water-shed on the trap ridges 
and the lower eastern red sandstone plain. 

At Little Falls it was found that Uie Messrs. Beattie, of the Beattie 
Manufacturing Company, had kept a careful record of the height of 
water on the dam by means of a gauge, and tbey kindly gave us the 
Qse of this and volanteered to keep gauge readings for us in the future. 
The dam was measured up, and appropriate weir formula applied to 
reduce the record to flow in cubic feet per second, and to inches on the 
water-shed. Some missing days have been carefully interpolated by 
study of the daily rain&ll records and the habits of the stream. 
There are a few breaks in the record too long for such treatment, 
however. Nevertheless, the series is a valuable one, and the com- 
puted flows are believed to closely approximate aocuracy, rather under- 
rating the flow, if in error at all. 

The gauge was often read several times in the day, and showed 
very r^nlar changes, so that there is probably very slight error in 
assuming single readings to be the average for the day, as had to be 
done usually. 

FLOW OP THE PABSAIC AT LITTLE FALLS, BY MONTHS, 

1888-1891. 
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FLOW OF THE PASSAIC AT LTTTLB PALI£, BY MOHTHB, 

1888-1 891 .— C&n(»nu«i. 
Area of Waler-ehed, T72.9 Square Miles. 
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Uofortuiiately these have all been years of lai^ rain&ll, and the 
series does not exhibit ihe diy-month flow very well. Some valuable 
data are obtained, however, by a study of the diagrams of daily lain- 
fall and Sow. In 1888 the rainfall was deficient for Jane and July, 
and there was a steady draught upon ground-water from June Ist to 
August 21st. Our gauginge do not begin until June 16tb, showing 
a flow of 0.56 inch for the last half of the month. July shows a 
flow of 0.71 inch, and to August 2l8t the flow is at the rate of 0.68 
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iDoh for the third month. From Jalj 8tb to Auguat 2lBt, a period 
of 45 days, the flovr was remarkably uniform, tlie average flow per 
week Id regular order, being as follows : 1st, 448 ; 2d, 368 ; 3d, 365 ; 
4th, 392 ; 5th, 523 ; 6tb, 442 onbic feet per second. This shows a 
remarkably well-sustained Sow, as the rainfall for this poiod was 
less than the evaporation, and fell in light, evenly-distributed showers. 
Id June, 1889, we find that, ezolnsive of sur&ce-flows, the flow was 
1.40 inches, the rain&ll being less than evaporation. In June, 1890, 
there seems to be an equally large flow exclusive of surfaoe-flow, 
although the latter flow is not well defined. During the dry period 
in the autumn the flow for the first month was 1.43 exclusive of^ 
flow carried over from October rains. From December Ist to 17th, 
a second month's flow of 1.15 is indicated. 

On October 10th, 1878, Messrs. Croes and Howelt gauged the flow 
at Paterson during a very low stage of the river. They found it to- 
be 196 cubic feet per second, and remark that it did not vary appre- 
ciably from this for ten or twelve days. (Newark Aqueduct Board, 
Report on Additional Water-Supply, 1879, J. J. R. Croes and George 
W. Howell, page 35.) This is at the rate of 0.28 inch on the water- 
shed for the month. Inasmuch as the rainfall for June, July and 
August of that year amounted to 12.14 inches, or only the amount of 
evaporation, and April and May also had barely a sufficiency of rain, 
this month would be the fifth dry month of the scale. 

Id September, 1883, Mr. Lebbeus B. Ward found the flow at 
FatersoD to be at the rate of 150 cubic feet per second. By the 
method employed with the Croton and Sudbury, this is found to be 
also the fifth dry month, and the flow is at the rate of 0.21 inch per 
month. 

So far as we can tell at present, therefore, the dry-season flow is as 
follows: For the first dry month, 1.40 inches; for the second, 0.71 
inch ; for the thiid, 0.68, and for the fifth, 0.21 to 0.28 inch. On 
the Croton we found the averages of the table of draughts to be : 
Fbst dry month, 0.81 ; second, 0.47 ; third, 0.38 ; fourth, 0.24, and 
fifth, 0.26 inch. It is probable that the flow for the first month, 
being lai^y &om surface storage, is higher on the Passaic than on 
the Croton, but by the third or fourth month they are nearly the 

The flood-flows are well shown in 1889, which year shows six 
freshets. In 1890 there was not a flood during the entire year. 
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From high-water marks at Little Falls, a weir computation was also 
made for the great flood of September, 1882. The relation between 
the maximum flow, if contiuued for twenty -four hoars, and the total 
flow for eight days has been determined from the floods of record, 
and is expressed hy a factor which shows the number of days at the 
maximum rate of flow which would be required to deliver the total 
flood-flow for eight days, this being the average duration of the floods- 
observed. It is found that fur larger floods it is usually Ave days, 
the lower rate in January, 1891, being exceptional, as that was a 
period of breaking up of the river, when the flows are complicated by 
ice and melting snow. This factor has been used to estimate what 
would be the total flow in cases where we only have the maximum' 
rate of flow, as in the case of the great flood of September, 1882, and 
Messrs. Croes' and Howell's gauging of the flood of 1878. 

FLOODS ON THE PASSAIC AT LITTLE FALLS. 
Area of Water-shetl, 772.9 Square Miles. 



Jul. SSd to Slat, 1891 

Jan.l2Uitol9th,lBBl 

Nov. 23111 to Dec Gtb, 1S8B. 

Nov. lOth to nth, 1889 

Sept. Uth Co 12d, 18S9... 

Ang. 1st to Stb, iaS9......„.. 

AprU 2TI11 to Uay 4tb, 1SS9.. 

Sec. ISth (o 2Sth, ISBS. 

Sept. ISth lo »th, 1SS8. 

Sept., ISSZ _ „ 

Dm. 12th, 1818 



1!,679 


a«M 




e,S46 


0.81G 




e.740 


0.468 




6,840 


0,Kfi 




8,331 


0.400 




8,825 


0.428 




10,862 


0,570 




j9.»» 


0.467 




19,105 


0.S19 




17,913 


o.m 





fKaintUI, 4 Inches, rrom Stli t( 

I 18th. 

tRHlnfall, 10 Inches, from IDth U 

I SOth 

llUinfall, 8 iDches, July 27th t< 



Inches rain fiom 9th to I8th. 
tOrer 12 inches rain from2l8t lo- 
Flowfor8da]'B estim ated. 



The flood of 1882 was said to have been nine inches lower on the 
dam at Paterson than the flood of 1854, and nine inches higher than 
the flood of 1878, gauged by Messrs. Croes and Howell at Dundee. 
The maximum flow in 1882, at Little Falls, was at the rate of 24.2: 
cubio feet per second per square mile; that of 1878, at Dundee, was 
at the rale of 21.8 cubic feet per second per square mile. It is reason- 
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«ble to assame, therefore, that the maximum dood-flow for the Paseaio 
IB not mach below 28 cubic feet per second per sc[Hare mile. 

The effect of the larger surCace storage of the water-shed and of the 
flpreadiDg of flood-waters over the flat lands of the central valley 
and gradual emptying of them through the outlet at Little Falls, is 
apparent all through the above table of flows by months. The flow 
in months following a month of heavy rain&ll is frequently equal to 
or greater than the rainfall for that month, even in summer. Decem- 
ber, 1888, August and December, 1889, are prominent instances of 
this. Evidently this rivei is a most interesting study in hydrolc^, 
and the importance of a more exact knowledge of the laws governing 
its flow need not be ui^ed to be appreciated. 

HACKENU.CK BTVEB. 

Mr. Charles B. Brush, C.E., Engineer and Superintendent of the 
Hackeusack Water Company, furnishes the following data of rain- 
fall and flow of the Hackensack, at New Afilford. 

ATentfe D»Ur Aver«je D»lly 

IMaoEuve. R>iD»dl. 

UlUloa Oa&oiu. UllUon Gollooa. 

November, 1883, to November, 1884 100 218 

November, 1884, to November, 1885 183 214 

November, 1885, to November, 1886 96 194 

November, 1886, to November, 1887 106 224 

November, 1887, to November, 1888. 176 270 

November, 1888, to November, 1889 197 808 

The water-shed is flat, and has large swampy areas. Its area is 
114.8 square miles. 

BAHWAY RIVER. 

This stream drains, above the point of gauging, 40.4 square miles, 
tbe western half of which is on the steep trap ridges known as First 
and Second Mountains. The remainder of the shed is on the red 
sandstone, and is lately covered with glacial drift. It was selected 
as a type of drift-covered water-sheds of small extent. It is found 
to be extremely fluctuating, rising almost immediately and falling 
Tapidly after reaching its maximum flow. Its numerous mill-ponds 
Tender the establishment of a self-roistering, continnous gauge a 
necessity for accurate determination of its flow. This could not be 
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done, of course. A gange was set up a mile above Rahway, and was- 
xead by Mr. Addison C. Russell. The lowest recorded flows have 
not been given as the minimum, as they were evidently affected by 
holding back of the water in tlie ponds above. The average flow for^ 
the lowest consecutive three days has been taken instead. 

PLOW OF THE BA.HWAY RIVER, 1890. 
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A qaantity equal to an average flow of about 1.5 cubic feet per 
second is stored on the headwaters and diverted for the supply of the 
city of Orange. 

It is evident at once, from the distribution of the flow, that this 
belongs to the class of streams with large ground storage, such as 
those of Long Island. It is different in its flood-flows, becanse of the 
steep slopes of its headwaters, which send ofiT lai^e surface-flows,, 
but the lower, drift-covered areas yield a la^e ground-flow in sum- 
mer, and while the flood-flows are a little muddy, these ground-flows 
are known to be very clear and remarkably pure. 

By aid of the dit^pram of daily flows, the sur&ce-flow and flow 
from ground-water are quite readily separated. It is found that from 
Jane to September the ground-flow is close to 1.6 inches per mouthy 
no month having been deficient in rainiall, and the flood-flows are 
close to 25 per cent, of the total riunfall. Strictly speaking, they are* 
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■50 per cent, from the Bteep half of the water-shed and practically 
nothing from the Hat portion. During the dry period, from October 
■25th to December ISth, the flow from ground-water was fully 3 
inches. For the first half of December the rate was, for second dry 
month, 2.25 inches. These facte indicate a very lai^ ground storage, 
with free delivery, and the probability of a flow in the fourth and 
fifth dry month almost as low as that of the Croton. This can only 
be tested by gaugings in dryer years than the past has been. 

No measurement of maximum flood-flows has yet been obtained, 
but the rate is apparently much higher than on any of the other 
streams which have been measured. At Cranford, the flow during 
the drought of 1881 appears to have been sustained at about the rate 
-of 9 cubic feet per second on a water-shed of 39 square miles. 
Floods, after very heavy rains, are said to reach their maximum in 
twelve hours, and require two or three days to run down, but some- 
times the river falls in twenty-four hours. A flood in 1889 remained 
■at a high stage for fourteen days. River does not get very muddy 
■and runs down perfectly char in two days. At the mills of the 
Diamond Paper Company, at MiUburu, this stream is said to be very 
- steady and remarkably pure, with no trace of mineral matter. 



BA.BITAN BIVSB. 

The total area of the water-shed of this stream is 1,105.3 square 
miles. It is the largest stream of the State, excepting the Delaware, 
but ia not nearly so important as the Passaic, from the fact that no 
■considerable portion of the waters are united into one channel until 
they are within seven miles of the head of tide-water, and but 17 
feet above sea-level. The Passaic at Little Falls unites the drainage 
of 772.9 square miles at an elevation of 158 feet, while the Rari- 
tan, at Baritan, has but 468 square miles, at an elevation of 49 
feet, and Bound Brook, 875 square miles, at an elevation of 17 fe^. 
Nevertheless, the Raritan basin is a productive agricultural section, 
and a lai^ amount of water-power is utilized along the various 
branches. The flood-flows have a peculiar interest because of the 
populous and highly-cultivated condition of the valleys, which 
renders them more destructive and consequently makes a knowledge 
■of the laws governing them more essential. 

The water-sbed is fully described in the physical description of the 
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State, sad its character is better Bhown by a study of the topographic 
map3 than it can possibly be by any written explanation. A. few 
fiuds not so apparent may be pointed out, however, in diBonssing its 
£ow. There is very little ston^ anywhere on the water-ahed, ex- 
cepting on the Millstone, part of which is a sand-hill stream, with 
some of the characteristice of Soathem New Jersey streams ; but 
«nough of the area is on steep trap and red sandstone slopes to 
give it a pretty high rate of fiood-fiow. Only 13 per cent, of the 
«hed is in forest. Of the 879 square miles above the point of gauging, 
about 150 square miles area is on a highly-cultivated part of the 
Highlands and on the trap ridges ; about 98 square miles, inclading 
the water-shed of the upper Millstone, is on the flat clay and marl 
district, and the remainder on the low, level, red sandstone plain. On 
the whole, the water-shed is an excellent type of the red sandstone 
tdbtrict, free from glacial drift, 

A gauge was set up at the Delaware and Baritan canal dam, about 
■one and one-half miles below the village of Bound Brook, and was 
read by Mr. William Fisher. The following table gives the flow by 
months, the daily flow being shown by the digram accompanyiDg : 

FUOVF OF THE BAHTIAN AT BOUHD BBOOK, 1S90. 



Dnunife Area, 879.0 Square Hilee. 
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The leaB ati^outit of storage than in the case of the Pass&ic, and the- 
more prompt reapoDse of the flow to rain&U, are at once apparent. A» 
was the case with l^e Rahwaj, the line between ground-flow and 
snrface-flow is sharply drawn in the dif^ram, owing to the short 
duration of floods. It is shown that in June, the rainfall being less 
than surface-flow and evaporation, the ground-flow was close to 0.70- 
inch. In Jul; it tended to a constant at 0.60 inch per month, and 
in August about the same. In the autumn dry period it was 1.30- 
in November, and at the rate of 0.75 inch during the first half of De- 
cember. The late Aahbel Welch, Esq., made a gauging at a very 
low stage of the river, which gave 180 cubic feet per second. (Tentb 
Census of the United States. Report on Water-Power.) Unfor- 
tunately, the month and year are not given, so that we have do- 
means of placing this flow in its proper order in the dry-month flows. 
It ie at the rate of 0.23 inch per month. There are good reasons for 
believing that the flow falls at least as low as 0.20, but not much 
lower than 0.1<5 inch per month. 

The flood-dischai^e is at a very rapid rate, being affected not only 
by the lack of storage but by the shape of the water-shed, whidi is- 
Buch that all the prindpal branches focus at a point near Bound 
Brook, and discharge their flood-flaws simultaneously instead of de- 
livering one at a time, as is the case on long, narrow sheds, when the- 
branches are pretty evenly distributed along the main stream. 

There have been three great floods on this river during the century, 
completely throwing into the background scores of other freshets- 
which would otherwise be considered heavy. The first occurred 
November 24th 18X0, the second July 17th, 1865, and the third 
September 24tb, 1882. Of the last I have been able, by careful in- 
quiry, to obtain fair measurements at the Bound Brook dam. It 
b^an to rise about 3 p. M. of the 22d, had covered the canal bank 
at the dam, 11.5 feet above the crest, Saturday at 3 p. h., and reached' 
a height of 14.2 feet above the crest at 5 A. m. of Sunday, the 24th,. 
when it was at its maximum, falling within the river banks again by 
7 A. H. of Monday. The overfall at the dam was drowned, so that, 
the head for computation is reduced to 12.7 feet, and conditions were 
such that the safest computation is that for a free overfall with tbi» 
head. This gives the following rates of flow, bank-full of the river 
at this point having been ascertained to be a flow of 7,000 cubic feeb 
per second. 
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September 22d, 3 p. m 7,000 cubic feet per second. 

23d, 8p. M 85,500 ' 

24th, 5 a. M 52.000 " " " 

25th, 7 A. M 7,000 '■ " " 

Thia gives a total dischai^e for these 64 honre of 6,489,000,000 
cubic feet, or 3.36 iDches on the water-shed. This amount of water 
would cover Middlesex county 10 inches in depth. It is at the rate 
of 59.3 cubic feet per second, maximum discharge. 

Some pains have been taken to determine the relative height of the 
other two great freehete. Mr. John D, Field, of New Brunswick, saw 
the freshet of 1810, and was fully familiar with the flood-marks along 
the river. He is of the opinion that it was probably equaled by the 
later floods, but never exceeded. Mr, D. F. Vermeale is also familiar 
with the lower part of the river, and thinks that the flood of 1865 
was not so high as that of 1882. Mr. Lewis D. Clark, at Bound 
Brook, has mai'ked most of the high freshets, and says the freshet of 
1882 was 2 feet higher at his house on the river bank than that of 
1865. The total rise here in 1865 was 16 feet. He also thinks that 
the freshet of 1810 was 3 feet lower than that of 1882. Others 
give the difference to be from 10 inches to 3 feet, but at the greater 
figure it would be fully accounted for by the building of the dam 
below, in 1833, which caused a difference of 5.5 feet in the height of 
the river immediately at its site, raised the ordinary level a foot or 
two at Bound Brook, and restricted the flood outlet to the opening 
between its high abutments at the river banks. Mr. Lawrence Vao- 
derveer, of Gri^stown, says that the water was 2 feet higher at the 
mouth of Beden's brook in 1882 than it was in 1810, from known 
marks of the early freshet ; but thb may be true at this point with- 
out indicating a greater flood on the main stream. Altogether the 
weight of evidence is to the effect that the floods of 1810 and 1882 
were of about equal volnme, and the flood of 1S65 was somewhat 
below the others. It is well established that there were no others 
nearly so high in the intervals, although there was a high one at the 
time of building the dam in 1832 or 1833, and another in 1336 or 
1837. 

Mr. Vanderveer says that in 1810 it is said that heavy raius began 

on the 9th and continued at intervals until the 24th, when the flood 

reached it£ height. He also mentions a case in July, 1863, when an 

extremely heavy shower fell on a narrow district extending from Ten- 

14 
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Mile run to the Sourlaod Mountain, causing Beden's and No Pike 
brooks to rise veiy high in two hours, whereas at Prinoeton and 
Plwnville, a few miles to the south and north respectively, there was 
not a trace of rain. In the weather record kept by the late P. V. 
D. Spader, Esq., at New Brunswick, extending from 1847 to 1890, 
the freshets of 1865 and 1882 are mentioned, the former being noted 
to be the " greatest since 1810." Strange to say, this record gives no 
evidence of the cause of the flood of 1865 in its rain&tl. The rain 
for June amounted to only 2.31 inches, and from July Ist to 16th it 
was but 1.38 inches. On the 17th there was a fall of 1.85 inches, 
but the total from June lat having been but 5.5 inches, it is evident 
that this was entirely inadequate to cause a flood-flow of over two 
inches per day. Neither does the cause appear in the monthly records 
at Newark and New York. It must have been extremely heavy local 
rains on the upper water-shed. The cause of the flood of September, 
1882, is appaient and has already been pointed out. Rains had been 
deficient from the let of June to the 11th of September; on the 12th 
there was a fall of 2.40 inches, which partly made up the defidency, 
and then from the 20th to the 23d came 11.84 inches fall at New 
Brunswick, which was sufEoient to replenish the exhausted ground- 
water and leave seven inches to run off in sur&ce-flows or be evap- 
orated from surface pools. With the rainfall record at New Bruns- 
wick and the method of examination employed in our analysis of the 
Sudbury and Croton flows, the fact that a great flood occurred at this 
date could have been demonstrated, had we had no record of it. 

Mr. Clark furnishes the following information about other floods : 
From 1858 to the present time there have been three notable freshets, 
those of 1865 and 1882, already noted, and one on February 12th, 
1886, whidi was about sixteen inches lower than that of 1865. The 
flood of 1866 rose with great rapidity — as much as six inches in five 
minutes. Freshets usually rise at Bound Brook within twelve hours 
after the end of a heavy rain, and run down in twenty-four hours. 

The following list of floods, mostly collected by Mr. D. H. Mc- 
Laury, of New Brunswick, although incomplete, may give some idea 
of their frequency and relative height for recent years. Heights are 
given above high-tide mark at Albany street bridge, and some idea 
of corresponding heights above may be gained from the rise in 1882, 
which was 12 feet at New Brunswick, 13 feet at Raritao Landing, 
14.2 feet on the dam, and about 16 feet at Bound Brook. Some . 
floods, with their height at Raritan Landing, have been added : 
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FLOODS ON THE BABITAN AT HBW BB0NBmCK. 
Dat«. Height In teel. Remarks. 

July 30, 1873 4.25 Rain, 5.94 inches, from 27th to 29th. 

August 14, 1873 4.50 5.29 inches rain, on 14th. 

September 18, 1874 9.00 7.10 incbes. from 15th to 18tb. 

March 26, 1876 6.00 3.S3 inches, on 25th and 26th. 

September 18, 1876 5.00 2.57 inches, on 17th, after wet period. 

October 5, 1877 6.50 4.S0 inches rain, on 4th and 5th, after 

a month of dry weather. 

September 24, 1882 12 00 ...Rain, 11.84 inches in 4 daya. No 

greater freshet daring the century. 

August ■ 4. 1885 3.75 Rain, 8.80 inches, on the 3d. 

February 12, 1886 9.00 Rain, 2.5 inches, with memng snow 

and ice. 

January 15, 1887 « 3.75 Bain of 1 inch; thaw and break-up 

of river. 

February 19, 1887 Over banks; rain, 1.52 inches, and 

thaw. 

July 28,1887 8.00 lUse at Raritan Landing; rose rap- 

idly at midaight ; 1.43 inches rain 
after a wet period. 

August 2, 1887 4.00 Afler6 weeks of very sultry weather, 

a shower of 4.62 inches in 1 hour 
and 16 minutes. 

January 2, 1888 6.00 From December 28th to January 1st, 

3.82 inches rain, with melting snow 
and ice. 

February 25, 1888 — Over banks. Rain. 1,60 inches, and 

July 5, 1888 8.50 Heavy shower. 

September 20, 1888 (?) A flood; no record of height. 

December 18, 1888 4.00 Eain of 3 inches, on 17th. 

January 7, 1889 4.00 Rain, 1.82 inches, on 6th, with thaw. 

April 28,1889 (?) Rain, 3.67 inches, 26th to 28th. 

June 1, 1889 4.20 Bain, 2.20 inches, May 26th to Juns 

1st. 

August 15,1889 5.50 Showers of 2.56 inches, foUowin]; 

wet period. 

ITovember 28, 1889 8.00 Rise at Raritan Landing. B^n of 

2.54 inches, '27th to 28th, following 
a wet month. 

March 2S, 1880 7.00 Discharge, 17,818 cubic feet per sec- 

ond ; rise at Raritan Landing ; i 
inchesrain, 11th to23d. 



itizedByGOOgle 



ANNUAL REPORT OP 



December 18, 1890... 3.60 Slightly over banka, a discharge of 

7,600 cubic feet per eecond. Eaia, 
2,40 inches, after a dry period, but 
falling on frozen ground. 

Jtmuary 2, 1891 — Over banks. Melting enowB, with 

light rains. 

January 12, 1891 7.00 Riae at Earitan Landing. Rain, 1.5 

inchee, with thaw. 

January 22,1891 8.00 Rise at Earitan Landing. l,50incheB 

rain, following a wet period. 



It is notable that after the_great flood of 1 882, no freshet of imports 
ance occurred until rebrnary, 1886; and another indication of the 
flokleness of the stream has been before pointed out — the numerous 
floods in 1889, and the entire absence of them after March, id 1890. 
It ie inBtructive to compare the computed volumes of flow on the 
Baritan and Passaic In September, 1882. On the Raritan we find it 
to be 3.36 inches on the water-shed in sixty-four hours, while on the 
Passaic it is 4,6 inches in dght days. The probability is that during 
the period of eight days the depths discharged by the two streams did 
not vary materially, but that of the Rantan was more concentrated 
at first, and consequently more disastrous. 



Stbeahs of Southebn New Jebsey. 

These streams are of an entirely different character from those 
which -We have heretofore discussed. The evidence of this is every- 
where at hand in the small preparations made for flood-flows, the 
limited bridge openings, the long embankments of sand and gravel 
thrown boldly across the valleys, with small provisions for flood-dis- 
diai^e, in a manner which would mean disaster within a few months 
if attempted on our northern streams, yet these constructions stand 
for centuries here. Such evidence is conclusive as to small flood- 
flow. The remarkable way in which the flow of these streams is 
snstaioed through the dry season, however, is of greater economic 
importance. This feature makes up in a degree for the less amount 
of &11, and makes them most valuable for water-power. A small 
amooDt of storage will enable a mill-owner to ntiltze almost the whole 
flow of the stream, and immunity from the perils of floods and the 
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scantiness of dronghts renders bis control of tbe motive power almost 
as perfect as if it were steam. It is greatly desired to make the studj- 
of these streams thorough, for the faller ntilization of them is a 
matter of mnch importance to this portion of tlie State. It has been 
exceedingly difficult to secure satislaotory gaugings of many of them, 
because very few of the overfalls are so constructed as to be available 
for the purpose, and when they are in proper condition, the pondage is 
very large, and the flows complicated accordingly. Fortunately there 
is a strong likeness between them, and one will serve as a type of all. 
The most available locality for the purpose was found to be on the 
Great Egg Harbor river, at the mills of the Mays Landing Water- 
Power Company. This river is an excellent type of the Atlantic 
Coast streams of Southern New Jersey. Its drainage area is 216.8 
square miles, and it is practically all covered with pine forest. The 
soil is principally light sand, with some gravel, all extremely porous, 
and rain falling upon it sinks immediately, surface-flow being almost 
unknown. All of the rain thus goes into the ground storage, to be 
fed out to the streams along the shallow valleys, causing the broad 
belts of saturated cedar swamp which border all streams. A few 
miles above Mays Landing, at Weymouth, there is a large artificial 
pond, which is almost the only one on the water-shed. Owing to the 
great draught of the mill, it was impossible to secare accurate mea- 
surements at Mays Landing more than once a week. The accompany- 
ing diagram of flow shows these gaugings by a small dot. For this 
reason the line of flow is shown somewhat more regular than it would 
be with daily gaugings, yet enough observations were made to prove 
that the actual line of flow only varied slightly from this, and that 
tbe river actually rose and fell in great waves of gentle ascent and 
descent, apparently being scarcely affected at all by single rains, unless 
they were exceptionally heavy. 

The gauge was taken in charge by Mr. James M. Blaisdell, the 
superintendent for the water-power company, and every facility and 
courtesy was extended by him to enable us to ascertain the flow. 
From careful tests and checks it does not appear probable that daily 
gaugings would change tbe result of the total monthly flow in th« 
table more than 10 per cent, at the utmost, and certainly would not 
'decrease them. 
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FLOW OF QBEAT EOO HABBOB BIVEB AT HAYS LANDING, 1S90. 
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1.27 

l!46 
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1.67 
1.32 
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352 
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126 
201 
97 
114 
270 
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March 








A .-. 

June 


348 
244 






September 

October., 


203 
313 


December 










Total 


45.87 


17.19 


37 per cent, of jearlj nin. 



This table shows at once a greater total loss of rain than any of the 
previoas ooes. At the same time it shows a steadier and better-suB- 
taioed summer flow, especially when we note the range of flow in 
cabic feet per second. It is of great scientific importance that the 
flow of this stream daring a period of prolonged drought shall be 
determined. Until recently there was a plant of 120 horse-power at 
Mays landing on a net fall of 10 feet. With the considerable storage 
this plant always had enough water, with an appreciable waste over 
the dam at night, so that it was coDsidered desirable to increase the 
capacity, and new wheels have been recently put in. It would re- 
quire, to run the old plant 10 boure per day, at least 59 cubic feet 
per second continuous flow. Above Millville the Maurice river has 
a water-shed 218 square miles in area, of the same character as this, 
excepting that it has 67 instead of 88 per cent, iu forest. The run 
of the mills there indicates a flow of about 85 cubic feet per second 
duriag dry periods. Consequently it seems that for the present we 
may assume a minimum flow for this stream of 60 cubic feet per 
second, or 0.30 inch per month, with the prcbability that this is very 
rarely reached. Referring to the above monthly flows, and the dia- 
gram of daily flows and rain&U, we fiid that at the end of the period 
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of light rainfall in April a fiow ie indicated which must have been at 
about the depletion of the great surface ston^ of the ewampa of the 
water-shed. From this point to the Ist of September there ie a 
gradual filing off in the low run of the stream, indicating a depletion 
of ground storage. The intermediate swells in the line aie flows from 
swamp storage which has been replenished by the heavy rains. This 
assumption gives us the following fiows from ground-water: May, 
1.40 i June, 1.00; July, 0.75, and August 0.63 inch. September 
starts in at the rate of 0.60 inch, bnt a replenishment of swamp 
stoTi^ increases the flow gradually and the oontinned heavy rains of 
October seem t« have replenished the ground-water again ; for after 
their cessation the flow for November, which was entirely from 
ground-water apparently, reached 1.32 iucbee again, or the same that 
we have taken from the diagram as the ground-water flow of May. 
Although the demands of v^tation are less, the evaporation is more 
than on the Croton water-shed, and there ia also some loss, probably, 
through the gradual movement of the ground-waters seaward, down 
the gently-inclined strata of the formation. We may aasnme the 
same rate as was used upon the northern shed, therefore, for all 
months excepting May, which would undoubtedly not be greater than 
August, there being no cultivation and exposure of ear^ to increase 
evaporation, and practiosJIy no demand from vegetation during that 
month in the piny districts. The effect of winds, which is to increase 
evaporation so much elsewhere, ie also here annulled by the timber ; 
consequently the evaporation is taken at three inches, as for August. 

lUln. EviponilloD -I- F!ov. 

May 3.71 4.88 

June 2.33 5,27 

July 5.18 5.33 

August „ _ - 5.31 5.46 

September 6.06 405 

October 6.30 3.42 

Totals 28.84 28.41 

Of course, in order to apply this method practically, we must have 
data by wbioli we may determine what will be the proportion of sur- 
face-flow. Thie appeare to be about 7 per cent, of the total rain, but 
the data for its determination is still insufiBcient 

On Bancocas creek, gangiugs have been made at Femberlon, the 
gange having been set up at the mill of Anthony J. Morris, Esq., who 
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kindly aodertook to read it. The redaction of these gaugings is 
ezceptioDall; tedious and lias not yet been completed. A series was 
also taken on the Assanpink, at Lawrence Station, by G. ^. Daven- 
port, E^q. These also are not yet computed. 

Messrs. Asher Atkinson, Cyrns F. Spionl, P. D. Staata and W. C. 
C%den have assisted at various times in ganging and procaring data 
for this report, while Mr. John Prince has prepared the diagrams and 
done other office work. 

The following table gives in a form convenient for reference and 
comparison the extremes of flow — some of which have already been 
mentioned : 
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For convenient comparison, a list of like extremes for some Ameri- 
can rivers, taken from the Keport on Water-Power, United States 
CeoeoB, 1880, are appended : 
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BonMtoDic 
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... Pittsbutth 
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. J. E. Croes and G. W. 

Ho«ell. Some lakes and 

gwamps. Hilly. 

, J. a. Croeii and G. W. 

Howell. Some lakes and 

Bwamps. Hilly, 
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rolling. Maoylakes. Well 



. H. Harlow. HlUv and 
mountalnona. No lakes. 
Wooded. 

F. R. HnCton and Pattaraon. 
Narrotr valleye. Steep 
slopei. Wooded. No lake*. 
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EXTBEUES OF FLOW FOB SOME AMERICAN STBEAHB — OmUnued, 



Potomac 


D»m No. 5 


Potomac 




Bock Creek.... 


HoylB'sMilL.... 


Or^brier. 
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elopea. Wooded. Ko lakes. 
W. R. HutloD. Country 
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nlll. 8colt KDd Huttan. 
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latei. Wooded. 



James Herron. Hilly. Lime- 
stone. No lakes. Many 
sprlDet. 

., D, Wbitcomb and W. K 
Cutahaw. Mounlalootw 






Open. CImt and loam. 
No lakea. Few exteosiTO 



WATER-POWER. 

One of the pr&ctical applications of the determination of the flow 
of our streams will be to point oat their reeoaroes for power, as has 
already been remarked. It is intended to make such computations of 
flow as will be a safe guide to the amonnt of power which may he 
depended upon at a given point There is nothing which tells so 
fittally against the ose of water-power as a few examples of disastrous 
attempts to use a stream for more power than it is really good for. 
Snch attempts are often made, and then, when inevitable failure 
oomee, the blame is laid at the doors of water-power, which is declared 
to be unreliable, when the fault lies wholly in bad judgment. No- 
one attempts to work a 50 horse-power boiler and engine plant up to 
100 horse-power. Why should a 50 horse-power stream be expected 
to develop two or three times that amount ? Yet the stream may, in 
many cases, be made to yield double the power by a judicious location 



itizedByGOOgle 



THE STATE GEOLOGIST. 219 

of plant and doubliDg of the available fall. There is no lack of 
examples of admirably-equipped and located water-power plants in 
the State. It may be invidious to mention a few where so many are 
equally good, yet the works of the Millville Manufacturing Com- 
pany, on Maorioe river, and of the Mays Landing Water-Power 
Company, on Great Egg Harbor river, are such excellent examples 
of saccessfal utilization of comparatively small streams c^ gentle 
slope ; and the two mills of the Warren Manufacturing Company, on 
Musoouetoong river, of similarly efficient utilization of a stream 
which is a fair type of oar smaller northern rivers, that we feel it 
may be a help to those who may be in search of good examples to 
speak of them. 

VALUE OP WATEE-POWEH. 

Much has been written and many oompatations have been made of 
the relative coet of steam and water-power. So many factors, which 
cannot be expressed in figures, enter into the problem, however, that 
it scarcely seems worth while to reproduce them. When we know 
that for many kinds of manufacture such power is now aacceesfully 
in nse, is well liked and considered highly profitable by the users, we 
know that water-power has a value. Perhaps no better standard of 
that value exists than the figures of rental per horse-power given in 
the census report on water-power, 1880, for the leading water-powers 
of the United States. The following list is extracted relating to 
powers in this section of the country : 

TDBNER'b falls, UASSACHtJBETTS. 

ConTiedieut River. Tamer's FaUa Company, Owner. 

Available power equals 17,600 theoretical horae-power in low water of 
ordinarily dry years, night and day. 

Raiet for Power. — Usual rate has been $7.50 per annum per horee-power 
(not farther specified), but there is no established rate for the future. 



BGLLOWB F AT.TJl , VEBHOHT. 

Omnecticvi River. • Bellows FaJlt Canal Company, Oumer. 

Available power equals 12,000 theoretical horse-power in low water of 
ordinarily dry years, night and day. 

Rata for Pouier.— Nominal rate, tZ.SO per annum per horse-power (not 
farther specified). 
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OtHOHVILI,!:, COMMKCncUT. 

Farmi^ion Riter. Union Waler-Power Company, Owner. 

Available power equals 860 theoretical taorse-power in low water of ordi- 
narily dry years, night and day. 

Hates for Power.— Perpetual lease at tl75 per mill-power per annum, a 
mill-power being 7i cubic feet per second under a head of 18 feet, or 15.34 
theoretical horse-power — that is, the price is $11.35 par theoretical hoisa- 
power per annum. 



OCCUM, < 

Shetucbel River. Not^ich Water-Power Company, (honor. 

Available power equals 290 theoretical horae-power in low water of otdi- 
norily dry yeara, night and day. 

Sales for Power. — Twenty dollars per annum per horse-power (not furthoc 
spedfied). 

Barrett's junction, MissACHnsBXTS. 
Swift River. Barrett's Jundion Water-Power Company, Owrter. 

Available power equals 200 theoretical horse-power in low water of ordi- 
oarily dry years, night and day. 

Rates for Power.— S\n& dollars per annum per horse-power (not further 
epeciiied). 

BIEUIHOHAM, COHNKCnClTT. 

Housatonio River. Ooialcnic WaUr Company, Oviner. 

Available power equals 1,375 theoretical horse-power in low water of 
ordinarily dry years, night and day. 

Rates for Powar, — Power leased for 99 yeara, per square foot. Permanent 
water, $20 per annum per theoretical horse-power; second varplus, $8 per 
annum per theoretical horse-power. Company does not guarantee power 
in any case. 

AHEOHIA, CONNECTICUT. 

Navgatuck River. Ansonia Land and Water-Power Company, Oviner. 

Avaiiable Power.— Total effective (rated) power of wheels in use, 1,800 
horse-power. 

Rates for Power. — Water leased by the square foot, under a head of 30 
inches, estimated to produce 30 theoretical horae-power. Permaneni water, 
4600 per annum per square foot ; surplus wafer, $250 to $600 per annum per 
ujuare foot ($20 per annum per horse-power). 
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COHOES, NEW YORK. 

MoKawk River. The Cokoet Company, Oumcr, 

Available power equals 9,450 tbeoretical horse-power in low water in 
ordinarily dry years, night and day. 

fia/«/orPtrtwer,— Perpetual lease of land and power with reserved rent 
amounting to $14.67 per annum per ttieorelicat horse-power. 



LOCKPORT, »EW YOEK. 

Erie Canal. LockpoH Hydraulic Cffmpany, Owner. 

Available power equals 2,590 to 3,288 theoretical horse-power. 
Satea/or Power.— Perpetual lease or absolute purchase. Price, from $8.8S 
to til. 11 per annum per theoretical horse-power. 



PASSAIC, NEW JERSEY. 

Pa^aic River. Dundee Water-Power and Land Company, Owner. 

Available power equals about 800 theoretical horse-power in low seasons 
of ordinarily dry years, night and day. 

Raiea for Power.— About $88.88 per annum per gross or theoretical horse- 
power, for 12 hours a day. 



PATXBSON, NEW JERSEY. 

Poiaaic iMtw. Society for EttabHihing U»e/ul Manu/acluret, Owner. 

Available power equals about 2.150 theoretical horse-power in low season 
of ordinarily dry years, night and day. 

Ralet for Power. — Seven hundred and fifty dollars per annum per square 
foot of orifice, under a head of 2.75 feet to center, equivalent to about $36 
per annum per theoretical or gross horse-power. 



BA&ITAN, NEW JERSEY. 

Rarilan River. Raritan Waler-Rrwer Company, Owner. 

Available power equals 216 theoretical faorae-power in low season of 
ordinarily dry years, night and day. 

Rale» for Power.— Nominal price, $300 to $400 per annum per square foot 
•f orifice, under a head of 80 inches to center of orifice. 
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TRENTON, NEW JERSEY. 

Delaviare River. TrtnUm Water-Pawer Company, Ovmer, 

Available power equals 3,000 to 4.500 theoretical horse-power io low 
seaaonB of ordinarily dry years, night and day. 

Ratti for Power. — Three and four dollars per square inch, under a head 
of 3 feet; equivalent to about $37.50 aod $50 per annum per theoretical 
horse-power. 



PRBDEBICKSBEIRQ, VIRGINIA. 

Rapahasinoak River. Fredericksburg Waler-Power C&mpany, Owner. 

Available power equals 8,000 to 4,500 theoretical horse-power in loi 
season of ordinarily dry years, night and day. • 

Sola far Power.— From $5 to $15 per horse-power (not further specified). 



KANCHESIER, VIROINU. 

James River. OUy of Mdnehetler, Owner. 

Available power cannot he stated. 

Sate* for Power. — Fifty-year leasee at $4 per annum per square, inch of 
.orifice, under a head of 3 feet; correaponding, theoretically, to between 
t29.60 and $42.10 per annum per theoretical horse-power, according as 
the fall is 22 or 14 feet. 

From this list it will be seen that tha highest prices are oommanded 
in oar immediate Ticinity, and that from $33 to $37 is the range for 
the water delivered at the forebay. This may be taken as a meaaore 
of the expeose warranted for the purchase of mill privil^;e and oon- 
stroc^on of dam and raceway. At $33 per horse-power the rental 
for 100 horse-power woold pay 6 per cent, interest on $56,000, 
Of course the actual value will vary with the location. Judging by 
the above table, it ought not to &11 much below $15 anywhere in the 
State. 

The possibility of a widened field of asefulneea throngh the medium 
of electric transmisaiou has beea referred to before. Examples of the 
practical application of this agent are not wanting already, and the 
farther development of the idea is assured in the near future. 
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CANVA88 OP WATEB-POWEE. 



During the pitst season a partial collection of ttie water-powers of 
the State has been made in ooimectioii with our inqairies concerning 
the flow of the streams. This canvass is practically finiahed for the 
Haritan water-shed and all of the State north of Trenton. Some 
water-sheds have been included in Southern New Jersey, but the 
statistios there are still incomplete. The completion of the work will 
require only a short time. Such a work is necessarily done at some 
disadvantage, as it is difBcult to procure reliable information in some 
cases. No pains have been spued to secure accuracy so far as we have 
gone. A few owners have &iled to respond to our inquiry. We will 
esteem it a favor if all owners of water-power will send us at once 
any correctLons or addiBons which may be neoeasory, in order that the 
completed canvass may be as accurate as poedble. The horse-power 
has been based on the kind and size of wheel in use and its known 
«fEcienoy, so &r as poauble. When this would not answer, estimates 
have been made of the amount of power which should suffice to do 
the work of the mill, and the gross pswer has beei computed from 
the net by an estimated efficiency for the whole plant Not merely 
the efficiency of wheels under experiment has been used, but the 
length of time they have been iu use and the manner in which they 
axe set have also been taken into account. 

SUlfltABY OF POWEB IN USE. 

As Northern New Jersqr is complete, tBe following summary of 
the amount of power applied to oertfun kinds of manufacture may 
prove of interest : 
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This gives an aggregate of 22,971 horae-power, which is dis- 
tributed among the water-shedB as follows : 



Delaware 

Wailkili 

Passaic.: 

Hackensacic, Rabway, &o.,. 
Baritan 



The power is most largely employed in flouring mills, as they are 
able to adjust their run to the atAge of the stream. The other classes 
of manufacture divide the power quite equally. 

DflDEV£LOPED POWEBS AND STORAGE. 

In the canvass all mill sites which have been once in nse are io- 
oladed so far as possible. There are besides a number of fine sites 
which have never been occupied. These will he taken up fully and 
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their oapadty and spedal features pointed oat at a later stage of th« 
work, A few of the principal ones may be mentioned here. 

On the Delaware the largest single fall is at Foul Rift, near Belvi- 
dere, where the power has been estimated at 3,600 horse-power. All 
along the river ^ere is a laige amount of nnntilized fall, amounting 
ID the aggr^iate to much more than all the power in nse at present in 
the State. At Trenton the water-power is not nearly all developed 
because of the opposition of the fishermen to the tightening and im- 
provement of the dam at Scudder's Falls. The proper way to 
develop the Delaware powers is an questionably by low dams and by 
raceways, but the dams need to be reasonably tight. The valae of 
water-power at so good a locality as this, and the benefit which wonld 
accrue by the full development of the 3,000 horse-power of the 
stream, is evident. 

The recent opening ap for lease of the fine power of the estate of 
J. Couper Lord, at BoontoD, has had a most benefitnal effect npon 
that town. Wheels are in already with a capacity of 946 horse-power, 
yet this is npon only 100 feet of the total fall of 240 feet in the 
Bookaway at this point. This is a fine water-power and one of the 
many cases where storage and cODsec|uent increase of the capacity of 
the stream must in time prove profitable, for when the power comea 
to be needed every cubic foot of water which can he added to the 
flow on so large a fall will have a considerable value. Storage for the 
purpose of iucreasing the power of a stream has been qnite lai^y 
applied in some of the Eastern States. It was introduced in this 
State, on the Fequannooh, by Peter Hasenclever before 1768. Ha 
improved many of the ponds on that water-shed in order to secure a 
better and steadier power for the iron works of the London Company. 

Stor^;e was quite general with the early users of water-power, a 
natural lake being often raised by a dam as the cheapest means of 
securing the requisite capacity. Most of our northern lakes were bo 
utilized, and good power often secured on very small water-sheda. 
Lake Hopatoong was originally rmsed for a forge at the outlet. 
Splitrock, Macopin, Hank's, Cedar, Buckabear, Wawayanda, Culver's, 
Swartswood .and many other lakes may be mentioned as instances. 
Besides these were many entirely artificial storage ponds, in both 
Northern and Southern New Jersey, The lai^est in the State is the 
one at Millville, on Maorice river. It has an area of 926 acree of 
open water-surface. The dam is 2,200 feet long and 24 feet high. 
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MajB Landing, Bat8to, Harrisville SDd many other illustrations 
might be given. If storage proves profitable on limited falls it 
Bhoold be much more so on the great falls of the State. Suppose we 
take the Rockawaj as an example, aud apply to it the Croton flow in 
the great drought of 1880. From June to October, incluaive, the 
Croton fell below O.dO inch per month. In order to have kept it up 
to 0,50 inch per month, we should have needed in tiioee five months 
a ston^ capacity equal to 1.17 inches on the water-shed, or,8aj, 1.50 
inches to allow for evaporation. Now, on the Rockaway, a Qow of 
0.50 per month would equal 66.75 cubic feet per second, day and 
night, at Boonton, while, if we allow the flow to fall to the lowest 
natural rate of the Croton, it will be but 0,12 inch per month, or 16 
-cubic feet per second. Supposing we have utilized 200 feet fall, in 
the latter case our power will sink to 364 horse-power, while witli 
storage it will be kept up steadily at 1,516 horse-power, a difference 
of 1,152. Now, if the power will rent at $30 per horse-power per 
annum, this difference is worth the income from $576,000 at 6 per 
cent. ; but the return will come not merely from the additional power, 
but from the ability to guarantee a certain amount of power, which 
will place the wsrks in a position to command a higher rental. I 
have purposely taken an extreme case for illustration. The Rock- 
away probably never falls so low as this, and furthermore, a oompara- 
tively small amount of ston^ immediately at the head of the fall 
would make it an easy matter to retain all of this additional flow for 
use during twelve hours of the day, so that the actual increase from 
the storage would be doable what we have computed, or over 2,300 
horse-power. The successful application of the principle will be de- 
termined by the ability of the parties undertaking the ston^^ to con- 
trol the requisite amount of fall, or to secure the pledges of the 
parties who do own the fall to pay a fixed price per annum for a 
guarantee of a certain amount of water from storage ; and also npon 
the facilities for imponding the requisite amount of water, at a cost 
which will not be prohibitive. When a considerable amount of fall 
has been utilized on a stream, there seems little doubt that storage 
may be applied, instead of the installation of an auxiliary steam- 
power plant, with a considerable gain to the users. 
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ARTESIAN AND OTHER BORED WELLS. 



In seeking an available water-aupply, reoonrse is had in many 
localities to boring deep wells which tap sabteiTanean reservoirs in 
water-bearing strata. The common dag well so often draws water 
from surface beds and even from the sur&oe of the groand in many 
<!aees, that it cannot be classed with deep, bored wells as a source of 
enpply of water of good quality. The history of these deeper wells 
in this State shows that there is a great variation in the depth at 
which a satisfactory snpply is obtained ; and, farther, that the depth 
is determined by the varying conditions of location and geological 
«tructnre. Some of the more dense and compact beds are impervious 
«nd hold no water ; others, as some of the sandstones and limestoaes, 
are so traversed by open joints and fissures as to be dry; others, 
again, are so open and porous that they have capacity for large vol- 
ames of water. The conditions favoring a water-bearing horizon are 
not only the oapaoity for holding water, but also snch a position 
between tight and impervious beds that there may be a natural reser- 
voir, from which it may not be drained away through fissaree to 
-deeper levels. The water-level and the preesure must be maintained 
by favorable conditions, so that when tapped it can serve as a fountain 
or source from which there can well up an abundant snpply, making 
-^tber a flowing well, that is, an artesian well, or one which can be 
pnmped readily and oontiauously without loweriag greatly the head 
of water. In consequence of the contaminated snrface-waters, and 
the failnre of shallow wells to give water enough of good quality, 
many wells have been bored in the State, particularly in the red 
sandstone plain and in the southeastern coastal belt. The localities 
of wells which have been described in the Annoal Reports of the 
Geolc^ical Survey are given in a list appended to this section of the 
report. The absence, generally, of artesian wells in the Highlands 
and in the Kittatinny and the Upper Delaware valleys is here note- - 
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worthy. That flowing wells might be obtMned in some localities in 
these district is highly probable. * 

In the greensaDd marl and plastic clay belts, the results have been 
in some cases unfavorable, and failure to secure water has caused the- 
abandonment of farther efforts in those localities to find it The bug- 
oessfiil wells are, however, such as to justify further trials, and at 
other points in this part of the Stats. Some of the failures are to be- 
attributed to a lack of care and to boring too deeply — passing through 
and beyond water-bearing sands or gravels, and other porous beds, 
and shutting them off by the pipe or casing of the well. The caution 
to avoid this cause of failure cannot be too strongly impressed npoa 
all who are about to put down wells of this hind. Another difficulty 
met with in a few localities is the fine sand which flows with the 
water up the pipe, and sometimes stops the flow of water. Contin- 
ued pompiBg may overcome the trouble, or the use of a gauze- 
pointed pipe to keep out the sand. In some places the difficulty is- 
best overcome by boring deeper and tapping a lower horizon or level 
of water. The geological structure of the southern part of the State 
shows the existence of many beds which are open and porous and 
water-bearing. The fine sandy beds in the series of the Raritan olays ;. 
the sand beds of the greensand marl formation, and the sands and 
gravels so common in the overlying and more recent strata of Tertiary 
age, southeast of the marl belt, are possible sources whence bored- 
wells can draw satisfactory supplies. At many points there may be- 
several water-bearing beds in the vertical section of a well, and ai 
choice of water from these respective horizons. The deep wells at 
Atlantic City have proved tliere the existence of at least three 
horizons of water. Putting aside the question of cost, which is of 
course the practical one, it may be said that there is not a locality in. 
the southern part of the State where a large supply of water cannot 
be reached by deep boring. From what is known in the history of 
deep wells there, it is safe to say that deep, bored wells are praoticable- 
everywhere in South Jersey. The b^innings only of the develop- 
ment of our subterranean wealth of waters are as yet made. These 
deep reservoirs of good water are a part of the natural resonroes of the- 
State ; and, in their great extent, underlying so much of its territory, 
in the quality of their water, suited to household usee and free from 
liability to pollution, and in their accessibility nearly everywhere- 

* See Add. Bep. State Qeologisl, 1SS5, pp. 109, 110. 
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through borings of practicable depth, are oomparahle is valae with 
the great iron ores of the Highlands, and other deposits, reoc^ized 
by every one as belonging to the domain of oar mineral wealth. They 
belong properly under the head of mineral resources of the State. 
As the country becomes more densely populated, and the large areas 
of turitory now uncleared and in forest, are improved and put under 
cultivation, there will be need of water, and the supply by means of 
■deep, bored wella will be more and more found practicable and satis- 
factory. At present our welle draw from the higher levels generally, 
and there is no attempt to utilize more than one horizon at any given 
point. Increasing demands for lat^r suppliee will doubtless lead to 
the putting down of deeper wells, or wells tapping other levels and 
drawing from them the needed additional quantity. The records of 
the deeper wells, aa well as the geological structure, snggcst the prac- 
ticability of using all the reservoirs which are found,* 



Notes of New Welu and of Wjbllb Nor Bepobtbd in the 
Annual Repobtb of the Geolooical Subvey. 

Messrs. P. H. & J. Coalan, of 216 Market street, Newark, report 
the following wells put down the past year in Newark and Hoboken, 
and in the dties of New York, Philadelphia and Easton. These 
latter wells are of interest because of their b^ng not only in doeely 
adjacent territory, but also and more particularly becaoae of their 
location in geological formations which are represented in the State : 

Prof. J. a Smook, 8taU Qeologist, Trenton, N. J. .- 

Deab Sib — Besides the well No. 5 at Atlantic City,t we also pat 
down the following wella in this vicinity during the past year : 



Ten-inch well for Hill's Union Brewery. Eighty feet to rook 
(soft). Total depth, 496 feet. Yield, 150 gallons per minute. 

Siz-inoh well for the Murphy Varnish Company. Found qniok- 
eand to a depth of 100 feet ; then alternate layers of ohiy and quick- 



'AtteotioD U Baked 
thia report It ia 



lo a careful reading of the paper bj Ur. Woolman, giTen in 
uctive and pertinent in thia coDnectioa, and highly au^eatiTe 



thia report It ia iuatructive and pertinent in thia connec 
to thoee who nay be leeking additional sappliee of water, 
t See at end of thia section. 
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sand to 200 feet, at which depth a water-bearing gravel bed was 
strach. This welt yields 200 gallons per minnte. 

Twelve-inch well, 100 feet to rook, with 8-inch hole 390 feet in 
rock, for P. BallantiDe & Sons, Freeman street. Well yields 20l> 
gallons per minnte. 

Eight-inch well for R. G. Salomon, Nesbitt street. Twenty feet 
to rock and 292 feet in rock. Sixty gallons per minnte. 

Reilly & Osborn, Railroad avenue and Hamilton street. Two 
hundred and twenty-five feet of 6-inch well, yielding 76 gallons per 
minute. Alternate layers of olay and sand. No rock. 

Six-inch well for Maybaum & Eckert, South Orange avenue, near 
city line. Twenty feet to rock and 64 feet in rock. This is a re- 
markable well, located on very high ground and Sowing 8 gallons- 
per minnte. Will pump abont 20. 

Siz-ineh well for M. Buehler, Springfield avenne. Thirty feet to- 
rock and 227 feet in ro<^. FiAy gallons per minute. 

Six-inch well for Peter Lowentrandt, Kent and Bremer streets. 
Twenty feet to rock and 140 feet in rock. Twenty-five gallons per 
minute. 

Eight-inoh well for Jumbo Brewery, Hayes street Twenty-five 
feet to rock and 361 feet in rock. Sixty gallons per minute. 

BELLEVILLE. 

Six-inch well, 40 feet through clay and quicksand, for Maas & 
Waldstein, near the pumping-station, Belleville. Fifty gallons. 



0. Hirtier's Sons, Washington street, Hoboken. Six-inch well^ 
yieUing 60 gallons per minute ; 130 feet deep, 90 feet being in rock. 

NEW YOBK CITY. 

Yuengling's Brewery, One Hundred and Twenty-eighth street and 
Tenth avenue, New York City. Ninety feet of 10-inch well to rock ;: 
616 feet 8-inoh bole in rock. One hundred gallons per minute. 

Manhattan Athletic Club, Madison avenue and Forty-fifth street. 
Eight-inch well, 16 feet to rock and 291 feet in rock. Flows 15- 
and pumps 40 gallons per minute. 



^j By Google 
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PHILADELPHIA. 



P. Sohemm & Son's Brewery. Two hundred and thirty-two feet 
of 8-inoh well, 20 feet to rock (mica). Seventy-five gallons per 
minute. 

Arnholt & Schaefer'a Brewery, located aboat one-half mile from 
Schemm's. We are now down to a depth of 800 feet Only water 
foand so &r JH at 700 feet. About 6 gallons per minute. 



Seitz Brothers' Brewery. Seventy-one feet, 33 of which are in 
rook (hard limestone). Encountered a fissure with water at a depth 
of 66 fe^ 

The forgoing are the principal wells put down in this vicinity 
during the past year. 

ATLAHTIO CITY. 

We herewith send yon report of well No. 6, pnt down by us at 
Atlantic City. 

Formation similar to well No. 4, except that the clay bed enoonn- 
tered at a depth of 38 feet in No. 4 was not stmok in No. 5 audi a 
depth of 440 feet was reachod. Nor did we find the water-bearing 
stratum met with at a deptli of 570 feet in No. 4. 

The day bed continued fiom 440 to 710 feet, with a very hard 
stratum of ooncreto, one foot thick, at a depth of 680 feet After 
passing through this concrete, the clay became darker in color and 
somewhat harder. 

A fine water-bearing stratum of gravel and sand was fonnd at a 
depth of 720 feet, and continued to a depth of 736 feet. This 
stratum yields 250 gallons of fine water per minute, and 10 seconds 
after the pump stops the water will rise to the surface and flow over 
the top of casing. 

This well has 6-inoh casing to a depth of 440 feet, at which depth 
we found it necessary to reduce the casing to 4J-inch, which size is 
continued to the water-bearing stratum. 
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Two.large wells have been pat down at the John A. Boebling's Sons 
Co.'b Wire Works. The first <me, located near the oomer of South 
CliatoD and Mott streets, was dug 60 feet deep through the gravel 
and sand of the Trenton terraoe formation, to the claj. This well is 
20 feet in diameter and yields a large supply of water. A boring 
from the bottom passed throagh clay 68 feet, the> through gravelly 
clay and seams of clay to th« rock, which was struck at a depth of 
160 feet. It was sunk eight feet deep in the rock, but failed to strike 
water. 

A second well was dug in the autumn, at the side of the canal 
below Hamilton avenue, through 40 feet of sand and gravel, to the 
clay. 

The greater thickness of the clay bed here, as compared with that 
at the State Prison, about 1,000 feet to the southwest, is noteworthy. 



FBJEEBHOLD, MONUODTH COUHTY. 

The present water-supply of Freehold is obtained from wells 
aboat two miles north of the town. Prof. John Enright, one of 
the Water Commissioners, writes as follows, describing their location, 
capadty and history : 

"Our wells are located in a meadow, one and one-half miles distant 
from the Court House, at a point 100 feet above sea-level and 78 feet 
below the Court House steps. The meadow has been made such 
mainly by digging out marl, which here appears within three or four 
feet of the surface. 

" We Bunk our first well, which was somewhat experimental, on 
the opposite side of the brook from where the present ones are located. 
This well we bored to a depth of 210 feet, into what is generally 
known here as the second stratum of water-bearing sand. This deep 
well was a &ilure. It did not yield 10 gallons a minute when the 
steam-pamp test was made. The ' second stratum ' seemed to consist 
of alternating layers of clay and sand. Pieces of lignite with particles 
of sulphide of iron plainly visible in them, came up in quite large 
pieces from this depu. One piece was seven inches long. The w^l 
Sowed a very small jet. Accordingly, we abandoned this lower 
stratum and concluded to try the upper stratum. 

" The second well was sank to a depth of 50 feet. The marl was 
penetrated at a depth of 40 feet, and from 8 to 10 feet of ooarse 
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sand followed. This yielded a good Bow at the sar&ce, probably 10 
gallons a misute. The well was a S-iach one. The steam pump was 
thea put on and a yield of over 100 gallons a minate was seoared. 
During the pnmpiDg the water lowered in the well to a depth of 18 
feet, at which point it remained constant. 

" We then bored 8 of these wells, but nsed 4J-inch pipe. The 
extra-size pipe did not make an increase in the Sow. lour of the 
wells are located on the bank-side of the meadow and four on the brook- 
side, and are in a line nearly parallel with each other. These we 
«ODnectud with a central pipe-line through the meadow, leading to a 
receiving cistern. The pipe enters the cistern, which is 28 feet deep, 
at a point 6 feet below the surface, and continues down the cistern a 
distance of 16 feet, thus making a siphon. This acts automatically. 
As we puii^ the cistern down, uie arm of the siphon lengthens and 
the flow of water increases. The object of this arrangement is to 
prevent pumping sand from the wells. The sand that comes through 
the uphon settles at the bottom of the wells. 

" The capacity of the wells acting through the siphon is about 250 
gallons per minute. The tendency seems to be to an increased flow 
the more the water is pumped. 

" The time ooDsnmed in the actual boring of these wells was not 
more than three hours after everj^tbing was ready." 



HABTFOBD, BCBUNQTON OOCNTY. 

A well was bored by F. & W. Stothoff, in the autumn of 1890, 
on the &rm of Samuel C. Boberts, one and one-half miles north of 
Hartford. The site is about seventy feet above tide-levels. The 
«trata passed through vf&e the following : 

Feet. 

1. Soil and red sand and clay 39 

2. Laminated sand 7 

3. Clay marl „ 54 

4. Clay marl, with greensand..,'. 17 

5. Glay marl, with more clay S 

6. Dark clay _ 32 

7. Dark-colored sand 6 

8 White sand 4 

167 
Small bits of wood, some of it pyritiferous, and a s/iarli^a tooth 
were found at the bottom. The water rose in the pipe nearly to the 
surface of the ground, but on pumping, the pipe was filled with in- 
dowing fine sand with the water, and stopped the pump. The ose of 
« ^oze^pointed pipe was to be tried, to ^ut out the sand. 
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BBA.CH HA.TEM, BUBUNGTON COUNTY. 
BY LEWIS WOOLUAN. 

Early in the year 1890 two wells were drilled, botli of them to 
the same depth, at Beach Haven, N. J., by Uriah White, One is- 
located at the Kngteeide and the other at the Baldwin. By the 
oourt«8y of Robert B. Engle aad of the oontractor, duplicate series oT 
specimens were received from the well first ptit down. A 3-iach- 
bore was made to a depth of 430 feet, entering st 420 feet a coarse- 
sand stratum, from which overflowed a stream of fresh water, yield- 
ing about ten gallons a minute, the writer being present when the- 
last 80 feet were bored and the flow obtained. From an examination 
of the specimens of earths, coupled with information verbally received,, 
the following record has been compiled : 



Beach sand tol7f( 

Mnd, with roots 1 

Sand 62 

Band and gravel, fossilif- 

erouB pebbles 10 

White clay 5 

White sand, a few foasilif- 

erous pebblee 20 ' 

White sand, allernatiag 

from fine to coarse 45 ' 

Yellow, tenacious clay 2 ' 

Black, tenacious clay 3 ' 

White sand 10 

Yellow sand 5 ' 

White sand 85 ' 

Yellow sand 35 ' 

6ray sand 30 ' 

Oreenish sand and clay 

mixed 10 ' 

Greenish marly clay, con- 
taining diatoms. 76 ' 

Dark marly clay, contain- 
ing diatomB 55 ' 

Coarse gray sand, water- 
bearing. 10 ' 



88 
I Si' 



i Foaeiliferoue 
j gravels. 



White and 
yellow Bands. 
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A comparison of the specimens of earth from these waMs with 
thoee from the wells at Atlantic City exhibits a close correspondenoe 
in the character and BQccession of strata, with the exception of the- 
omission of one of the beds at Atlantic City, which omission will be 
referred to again. 

The upper 280 feet in the wells at both places present oonsiderable- 
resembhmoe in the existence in the upper portion, of gravels contain- 
ing fossiliferous pehblen derived from old Devonian and Silurian 
rooks, succeeded in the lower part by alternations of white and yellow 
sand, haying interbedded a few seams of peculiarly tough, tenacious 
clays, other white, yellow or black in color. Fragments of wood 
characterize this division in both wells. 

About 100 feet of reddish-brown sand that occurs at Atlantic City, 
next below the above-described gravels and sands, is here wanting,, 
probably lost by erosion before the deposition of the overlying beds.. 

Almost or quite every foot of the lower 150 feet at Bea<^ Haven, 
shows under the microscope fossil forms of marine diatoms. These- 
are assodated with a few marine sponge spicules. This is undoubt- 
edly the same diatom clay bed met with in the Atlantic City wells. 
The portion richest in diatoms is at 410 feet, and here occurs a rare' 
form, CoaoinodUaua exeavatua, found also at Atlantic City at 500 to 
535 feet, in both cases a short distance above the water-yielding^ 
stratum. The water-bearing gray sand in this well and in the well 
at Atlantic City, at 554 feet, is most probably the same. The sand,, 
however, is coarser here. This horizon, as learned by the Atlantio- 
City borings, oocura midway in a bed about 300 feet thick of imper- 
meable diatomaoeous clays. Geologically, these are of Miocene age.. 



MILLVILLB, CDMBEBLA.ND COUNTY. 

BKCOKD PUBNISHED BY GEO.' B. WOOD. 

Elevation about 10 feet above high tide. 

ThlcknesG of Total 

Slrata. Depth. 

Sand, more or lees coarse but always oharp to 120 feet. 120 feet. 

Layer of stone about two iachea thick. 

Thick blue cl&j, very hard to get through.... 30 " 150 " 

Fine white sand 10 " 160 " 

This well is cased with a 10-inch pipe. G. B. Wood writes that 
" it is appreciated as a drinking-fountain by the workmen," that " it^ 
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would EDswer for making steam," that "it would be healthy for 
domestic use," but that " it woold not do for bleatihiDg purposes," 
which was the object in putting it down. 

POST KOBBIB, CITMBBBIAND COUNTY. 

There are two wells at this place, both situated near the mouth of 
Maurice river, one on either mde. Both wells were drilled hy Caleb 
Risley & Sod, some years sinoe. From memory they now fumieh 
-the following record, which may be r^arded as approximately correct 
-as to the figures. The depth may possibly be slightly less, say ten to 
twenty feet. 

ThlokntM of ToMI 

StimtR. Depth. 

-Salt mud 20 feet. 20 feet. 

White quicksand, like glass aand 50 " 70 " 

Blue clay 6 " 76 " 

Alternations of sand &nd blue clay, with 18 inches of 

"clam and other ehells" near the bottom, about^ 124 " 200 " 

Examination under the microscope of material from the bottom of 
one of the wells shows marine fbeeil diatoms. 



ELECTBIO LIQHT WOBS8, BEA ISLE OITY, CAPE HAY OOUNTY. 

RECOBD FURNISHED BY DKUH WHITE, WHO BOKED THE WELL. 

Thloknen of Total 

StTkU. DepUi. 

3eacb aand , to 6 feet, 6 feel 

Marshy clay, contuning usual afaells of the coast 2 " 8 " 

(A) White fine sand, with one or two thin streaks of 

clay 42 " 50 " 

-Coarse gravel, light-gray color, with boulders, some as 

lai^e as hens' eggs 10 " 60 " 

<B) Whitish sand, slightly coarser than (A), a few 

clay streaks 190 " 250 " 

Dark-blue or drab clay 6 " 256 " 

-(C) Whitish sand, still coarser than (B) 44 " 800 " 

Blue clay 50 " 850 " 

Very fine quicksand, dark-blue or gray in color ; fine, 

white, comminuted shell floated out with the 

water used in the jetty process - 40 " 890 " 

<ireeo or gray marl, like that in Monmouth county, 

New Jersey 74 " 464 " 
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Water flowed to the top from a depth of 50 feet ; nearly all the dia- 
tanoe to 300 feet it seemed to be salt or brackish. At the latter depth 
it was cat off by casing while drilling throagh the day. The iow- 
oomes from between 350 and 390 feet. 



Artesian Wells akd Watsb-beabinq Hobizons of Southebn- 
Nbw Jkbsbt. 

BT LEWIS WOOLUAJt. 

In an article in the Annnal Report for last year (1889), entitled 
"Artesian WeUs at Atlantic City, TS. 3." it was stated that fresh 
water flowing above the surftoe had been obtained at the depths of 
554 feet and 1,100 feet. Since then another well has been drilled' 
and an additional flow of good water fonnd at aboat 700 to 720 feet, 
t^os demonstrating the existence of at least three water-bearing hori-^ 
zons nndemeath that city. 

It is the purpose of this paper to indicate the probable oontioaance- 
of these throe horizons ander the beaches, soath of Bam^t lolet 
and beneath the aontbem interior, to a distance of from 26 to 30 miles 
or more from tlie coast, measared along the railroads leading fron» 
Atlantic City to Camden — also to show the intimate connection of 
the two apper of these horizons with a clay bed having a thickness of 
about 300 feet, and which, for reasons advanced herein, is designated 
the diatomaoeouB clay bed — also the relative position some distance 
below the same bed of the third or lowest of these horizons, and like- 
wise the occnrrenee, probably somewhat higher stratigraphically, of 
still another water-bearing sand avaikble for the supply of the Cape- 
May peniasnla. 

The Atlantic City borings, of which a lithographed columnar section* 
-is exhibited in last year's Annoal Report, roveal a clay bed nearly 
300 feet thick between the depths of 382 feet and 677 feet. The. 
color of the clay as it is first brought out and before becoming dry is 
either of a dark-bluish or a dark-greenish tinge. The upper third 
of the bed is mostly a compact day, the central portion is composed 
of alternating layers of sandy days and pnre clays, with some inter- 
bedded sand seams, the lower third becomes ^sin a pore tough day 
with some traces of shells at the base. 

The upper water-bearing stratnm, or that at 554 feet. Is a sand 
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about tea feet thick within the eandy central portion and about mid- 
way of the entire bed ; the middle water-bearing stratum, or that at 
about 700 feet, ia just underneath the diatomaceous clay bed, and is 
probably a coarse gravel about eight feet thick. 

The borings at Beach Haven (see page 267) penetrated a simitar 
bluish clay for 140 feet, immediately above the water-producing sand, 
which is there reached at 420 feet to 430 feet. Considering the gen- 
tle southeast dip aud the northeast and southwest trend of the strata, 
underlying the sands and gravels seen almost everywhere upon the 
surface of Southern New Jersey, it seems probable that the wells at 
this locality draw from a stratum identical with the upper horizon at 
AtlanlJG City. Another strong proof of such correspondence, that of 
a similarity of contained fossil remains of organic life, will now be 
brought to notice. 

Spmmens of material taken every few feet throughout the entire 
vertical extent of the clay bed at Atlantic City, and of that portion 
of it passed through at Beach Haven, were examined microscopically 
and found to contain throughout minute, siliceous skeletal remains of 
a very low order of plant life called diatoms.* 

Within the area upon the seaward side of an irregular line joining 
Barn^at, Hammonton, Vineland and Bridgeton are also a number 
of other flowing artesian wells located upon ground but little elevated 

*Theee are entirely iDviuble to the naked eye, and csji be seen onlj by the use of 
a strong magnifyine g'aaa, or better still, by the aid of a. compound microacope. They 
constitute, however, notwithstanding their iufiuilesimal size, a very considerable pro- 
portion of the body of the clay, amounting at a number of depths to about 20 per 

Each diatom is compoeed of two valves, bound together by two hoop-like bands. 
In some specieB these bands lap over each other somewhat like the lid over a pill-box, 
while in otheni they merely have their edges opposed but ia contact. Each com- 
pleted diatom is called a fmstule. 

Being made of pure silica, they are not injured bj atnds and may therefore be 
boiled therein to destroy the bulk of the earth in which they may be found. They 
are thus cleaned and prepared for mounting in tialsam on glass slides, after which they 
may be viewed nnder the microecope. When thus viewed by transmitted light they 
are seen to be most exquisitely beautiftil, transparent olgects, ornamented with beads, 
rays, fine lines, &c., traced with the greatest delicacy and arranged with the most 
exact mathematical symmetry. The number of lines have been reckoned at from 
20,000 to 120,000 per linear inch, and to be equally distant from each other. On this 
account a number of species have been selected as standard leels for the resolving 
power of the object lenses used with microscopes. In form they are very varied, 
having discoid, oval, triangular, rectangular, canoe-shaped and other elongated and 
rr^ular outlines. 
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«bove aea^level. They are located at various pointB along th« coast 
from Great bay, at the mouth of the Mullica river, northward to 
Barnegat, and in the interior on the banks of the Egg Harbor river, 
and also near the shore of Delaware bay. 

The records of these in past annual publications of the Sorvej show 
that their depths increase qnite r^ularly toward the southeast, and 
that they have all passed through a greater or less thickness of bluish 
iHay just before finding water. For these reasons they have all been 
r^arded as drawit^ their supply from the same stratum. 

The wells at Beach Haven and the 554-foot horizon at Atlantic 
City iall into harmony with the above group with respect both to the 
gradual increase of depth and the ooounenoe of the bluish clay. The 
sonroe of water for both groups may therefore be considered the same. 

The relative position of these wells and their gradual increase of 
depth toward the southeast may be somewhat diagrammatically shown 
in the following manner : 

S. W. Lcms^Um. N. E. LoaOltio. 

Wryuouth, 40 ftec. 



BABHIQAT L*11DlNO,l»feet. 




FoBT HoRBis, 200 feel. 


MAYgLANl.lHO,18(Ueet. 




Harvev CM) am, 2« teet, 
Bivut Isums, MS feel. 




BiACH Hatch. 436 bet. 
Atlantic Citv. 



Upper horlioD, SH bet. 

Within the area designated are also a number of wells that do not 
entirely harmonize in depth with the above. They are located at 
Miliville, Pleasant Mills and Harrieia (formerly Harrisville), and will 
be referred to again. 

Since the wells at Beach Haven and those drawing from the 664- 
foot horizon at Atlantic City draw from an equivalent sand seam 
within the great diatomaoeous clay bed, it follows that if the other 
wells, frrouped above, draw from the same stratum they should show 
in the clays passed through, near the base of each, a similar aesem- 
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blage of microBcopifl oi^niBms. A tour of these wells has, therefore, 
been made and material obtaiDed by sounding and otherwise, from the 
bottom of wells at all the loealities except three — Harvey Cedars, 
Seven Islands and Port Norris. In each instance a similar bluish 
olay was found containing diatoms in abandaaoe. From records and 
information verbally received, it may be stated that 65 feet of blue 
«Iay waa encountered at the bottom of the well at Harvey Cedars, on 
Long Beach, and 125 feet of similarly-described olay at the base of 
the well at Seven Islands, in Great bay, the clay being entered here 
at the depth of 275 feet. Similarly, a bine olay was also passed 
through just before obtaining water, at Port Norris. 

The forgoing facta demonstrate that theee wells draw their supply 
from practically the same water-prodooii^ Btratum^tfae upper or 
554-foot horizon, at Atlantic City ; tjiat this is located near the middle 
of the 300-foot diatomaoeous clay bed, which bed has a gentle dip 
toward the southeast. 

Calculations of the amount of dip, based upon the depths of the 
difierent wells, have been made, and it is found that the average dip 
between the extremes of Weymouth and Atlantic City is 28 feet per 
mile, and of the wells inland, 26 feet per mile. 

From around the mouth of an unfinished well at Cape May Point, 
having a depth of 456 feet, there was collected sand coatdniag small 
particles of clay also found to be richly diatomaoeous, and no doubt 
brought up from the lower part of the boring. 

A well at Sea Isle City obtained a flow of good water between the 
depths of 350 and 390 feet, just underneath a series of strata de- 
scribed as " alternations of sand and clay." No samples of earths 
from this well were saved, but in view of the occurrence of diatoms 
at Cape May Point, these clays were almost oertainly diatomaoeous. 
Considering tlie trend of the strata, the average dip already estab- 
lished, and the southerly location of this well, it seems most probable 
that the flow comes either from the tipper portion of the diatomaceons 
clay bed, or else from a Btratnm above the same bed. Either view 
indicates a water horizon higher than that of 554 feet of Atlantic 
City, and available for the supply of Cape May county, and possibly 
the southeast comer of Atlaatio county. 

There are at Pleasant Mills eighteen flowing wells, having a depth 
of 44 feet, or 34 feet below tide. Directly southwest therefrom, 
within two cranberry b<^ respectively three and fmir miles north- 
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northwest of Weymouth, are several welU that do not flow because 
on ground too high, being, according to Ideality, 40 and 60 feet above 
sea-level, their depths being about 20 and 30 feet below the same level. 

Souodings were made at these several localities, and the character- 
istic blue clay brought up and found to contain diatoms,"' These 
wells find water in a stratum that is probably lower than the 554-foot 
horizon at Atlantic City, bat above that of 700 feet 

Using for the rate of dip the flgnres previonely given, the water- 
bearing horizon, at the depth of 700 feet, at Atlantic City, corresponds 
with a stratum reached by a well at Millville, which was bored to a 
depth of 160 feet, entering at 120 feet a " blue clay, very hard to get 
through," and which proved to be about 30 feet thick — probably the 
base of the diatomaceous clay bed. This horizon is also probably 
identical with a flow opened during the drilling of a well at Harrisia, 
at a depth of about 190 feet, but afterwards cased off, "hoping to do 
better by going deeper," an expectation not realized. This horizon is 
immediately underneath the diatomaceous clay at Atlantic City. 

The foregoing facts point to a considerable extension of the diato- 
maceous clay bed beneath the southern interior and towards Delaware 
bay. Its limit northward may be approximately placed at a point 
midway between Barnegat and Toms River — say in the vicinity of 
Forked Kiver or Cedar Creek, since well-borings at uid near Toms 
Kiver do not show any diatoms, while the wells at Bamegat Landing 
apparently draw from the central portion of the great clay bed. Con- 
sidering the thickness of this bed and the rate of dip, its broadly- 
upturned edge should approach the surface at about sea-level, over a 
belt about twelve miles in width, along tbe lines of the railroads 
crossing the State to Atlantic City, immediately eastward from Ham- 
moQton, where it might possibly be found deeply buried under the 
superincumbent sands and gravels that are here piled up to a height 
of 120 feet. The upper water-bearing horizon of Atlantic City, f hat 
at 664 feet, would approach the same level at or near Ellwood, and 
the middle water-bearing horizon, that at 700 feet, should correspond- 
ingly be found at or near Hammonton. 

* These were Dot as plentiful as in the material from the former wells, but at each 
place they were coated with iron pyrites, rendering them opaque instead of IranB- 
parent, as usual. Through the microscope, by reflected light, they look as if thinly 
and closely covered with gold film, and exhibit the elevations, depressions and mark- 
ings of their surfaces quite plainly. 

18 
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Kespeoting the various beds passed through in the wells at Atlantic 
City, underneath the great diatomaceous clay bed, more data from the 
future development of wells and other improvements and explorations 
will l»e needed to certainly identify them with their equivalent beds 
inland. 

Immediately beneath the diatomaceooe clay at Atlantic City, there 
is a succession of thin beds of sands, gravels and tough clays, con- 
taiuing about 85 species of shells. The forms are identically the 
same as those occurring near Sbiloh, about eight miles slightly north 
of west from Bridgetou. A number of these are characteristac of 
deposits of this age (Miocene), and would serve to identify this bed 
if found in well-borings elsewhere ia the State. One of t^eae is the 
Perna, a shell with a pearly luster ; it readily splits into numerous 
very thin layers, and is consequently seldom obtained entire, but 
generally in small fragments, which usually show a crenulated edge 
on the side next the hinge, thus ^ .^-...^..-^^^ , and which is sufficient 
to identify the shell when found. 

Reasoning that if this shell horizon in the well and the shell-marl 
outcrops near Shiloh were identical, and that since diatoms were 
found above the shells at one place, they should oocur in a corres- 
ponding position at the other, a visit was made to the marl pits near 
Shiloh, and diatoms found as suspected id the clays above the shell 
marls. Notwithstanding, however, this apparent identity of beds, 
they do not fall into harmony with the rate of dip established for the 
clay bed above them. 

The difierence is such that either the dip of the strata west of 
Hammonton decreases, or the Sbiloh shell marls correspond with a 
still lower horizon in the wells, possibly that at 905 feet to 955 feet, 
where occurs a greenish, sandy, marly day, showing near and at the 
base greensand grains and about two feet of ponderous shells ; the 
shells were so thoroughly broken by the drill as to render their identi- 
fication impossible. 

Until the true relation of these beds b determined, it will be im- 
practicable to indicate with much accuracy the westward extension 
and depth of the lowest of the three water horizons at Atlantic City, 
that at about 1,100 feet. There are some reasons, however, why it 
may be the equivalent of the water-bearing sands found at Winslow 
at a depth of 336 feet, or 215'feet below sea-level, and at Berkeley 
Arms, on the beach nearly opposite the mouth of Toms river, at a 
depth of 475 feet. 
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This horizon should be looked for inland at a very coneiderable 
'dietanoe under the diatomaoeous clay, and at localities near the coast 
as much as 300 to 400 feet beneath it. 



In view of the tbicknesa and extent of tbe diatomaceous clay bed in New 
Jersey, iU prolongation into the SouthemStatesbordeiing the Atlantic should 
be expected. It may, perhaps, as yet be too much to say that the same 
identical stratum has been certainly made out in that direction. What 
follows, however, is strongly in favor either of the continuance of the eame 
ted or of one closely related to it and belonging to the same series. 

Outcrops of clay containing diatoms have been found at Broad creek, on 
the eastern side of Chesapeake bay, opposite Annapolis. Similar outcrops 
next appear to the southeast, on the west side of tbe Chesapeake, lining the 
shores of Herring bay, and again on the Patuient ricer, north of Notting- 
ham, at the mouth of Lyons creek. Diatomaceous earth underlies Calvert 
county, Maryland, and can be seen outcropping along the shores of the 
Chesapeake, on the eastern side of the county, and in the bluffs along the 
Patuxent, on the western aide. 

It occurs on the north side of the Potomac, at the mouth of Port Tobacco 
creek, near Pope's Creek Station, Maryland, and on the south side of the 
«ame river, at Nomeni cliffs, in Westmoreland county, Virginia. It has 
been found along the Bappabannock, about nine miles below Port Royal, 
and is 'reported to have been dug from ordinary wells in King William 
«ounty, Virginia, 

A rich diatomaceous deposit has long been well known as existing under- 
tieath the city of Richmond, Virginia. This has frequently been described 
AS about twenty feet thick, but this refers to its richest portion, as the entire 
bed, by the writer's own measurement, is not less than sixty feet in thick- 
ness, though tbe remaining forty feet are quite poor in diatoms. Further 
■south, the bed has been reliably reported at Petersburg and upon tbe 
Meherrin river, along the border line between Virginia and North Carolina. 

One interesting fact in connection with these deposits is that one form of 
the diatoms, known as the Heliopelta, so named because of its beautiful 
star-shaped center, has not been found in any of tbe borings, and only in 
the outcropH at a few localities. These are at Petersburg, Virginia ; Notting- 
ham, Maryland ; and Shiloh, New Jersey. 

A clay bed containing diatoms has been penetrated by fonr artesian wells 
on the eastern shore, at Cambridge, Maryland, the clay being entered at a 
depth of 275 feet and continuing to the water -yielding sand at 360 feet. 

On the western side of the Chesapeake, Prof. W. B. Refers, in 1876, 
reported diatoms at a depth of ^S feet from an unsuccessful well within 
tbe walls of Fortress Monroe. 
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Eastward &om Richmond, along the York and the James rivers, informa- 
tion has been received of flowing wells supplied from eand seams, probably 
within this same diatomaceous clay bed. Their locatioDs are aa follows : 

Feet Deep. 

West Point, on York river 140 

Qfibel's, eighteen miles below West Point 226 

Hog island, Jamea river 330 

Williamaburg, near James river, about 500 

Back river, north of Fortress Monroe 1,007 

Very recently a well has been finished at Lampert's Point, near Norfolk^ 
Virginia, of which, through the courtesy of officials of the Norfolk and 
Western railroad, a careful record and specimen series of earths have been 
received by the writer. The samples, however, were taken very occasionally 
only and do not show any diatoms, but considering the depth, only 616 feet, 
and the location farther eastward with reference to the strike of the strata 
than any of the other wells noted, it may be that the borings did not reach 
the diatom bed. The interval from 407 to 626 feet is thus described : " Fine 
dark-gray sand, consisting of a lat^e amount of white particles mixed with 
black particles." On examination, the white particles proved to be the 
minute shells of foramioifera and the black ones pure greensand grains. 
This bed, of about 120 feet in thickness, is high up in the series of strata 
considered in this article and probably lies under the ocean floor off the 
New Jersey coast, and there rests upon the extension under the sea of the 
water-bearing series considered above. 



LIST OP ABTESTAN AND OTHEB BORED WBLLS IN NEW JEBSEY, 

WITH BKFaBENCES TO THE ANNUAL BEPOBTB OF THE 

GEOLOGICAL eUHVEY. 

The following list contains references to all of the descriptions 
of bored and artesian wells in the State which have been given in- 
the Annual Reports since 1878, arranged in a geographico-geological 
order. The location, depth, size of bore and remarks upon the 
volume and quality of water are stated in this tabular form. For 
full notes, references may be had to the Annaal Reports mentioned. 

Id many cases the notes on the wells were republished in later 
reports, henoe the number of references. Generally, the first refer- 
ence gives the CEbential faets, except where the boring was continued 
into a second year and noted in the report for that year. 
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ARTBSIAN AND OTHBR BOBBD WXLL8. 



Is 



JJeraey City— 
LeTl Dtabrov 

Hattheisen A Wlechera. 

Aodiew ClBike 

Coi'sBrewarj 

UmbechiBetJB Brewery 

-CeDlral Stock Yud,,.. 

CommuniMv Coal ( 
Dock. 

fioboken— 
Neu aoQili eod of Grand 
Blreet „ 

Town of Union— 
Palisade BrewecT. 

Uareh west of Hoboken... 
Newark MeadowH, west i 

Secancus Iron Works ~ 

'PateTEOQ— 
Panalc Rolling Mill Co.. 

Fa»alc Rolling Mill Co.. 

Burton Brewing Co 

FraDklln, Easei oountv— 
Elngaland Paper Hlll».... 

Paasalc (7 wella) 

iHacken^ck- 
HuflerARutaa 



Water Iiraoklati ... . 



aaiBb. comer of Bendenon 
i Uonlgomery atreeU, Clear 
ter, but contained much com- 19 



Ity, SOoV 



•bla. dally. In drift and 18 



2, p. 110. 

0, p. 172. 



Water brackhb and well aban- 



trap rock. Pumped 250 bbla. li 



pumped permlnule.. 

40,000 gals, pumped dally.... 



9, p. 128. 
2, p. 14S. 
5, p. lU. 

S. p. 117. 
4. p. IW. 



each yledlng SOO to l.CNXIgals. per 
hour I 

Red shale at 104 feet. Interiolt- 1 
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ARTESIAN AND OTHSR BQRSID WELLS— Continued. 



is 



}llliiE SprlDg, Easez O 



ID meadawB- 

New Jereey Oil Co.. neat 
plant road^ ^^..,,», 

Lister BnM'. Works..... 



F. Ballauline & So 

E. Balbocb & SODB' Sm 
tng Works 

BowvlUe- 
W«tcliiase Factory. 

VeroDk, Eesei connty— 
J. C. Canolff. 

Short Hills-- 
Btevart Hartsliome 

Elizabeth- 
Rising Ban Brewery.... 

Elii»belbM 

Llndwi— 
Race Track 

FlalDfleld- 
Finoh's. Park avenue.. 

J. B. Blown, Faik avea 

Bomervllle— 
Loeiec Fana , east of toi 

New BruDBwiet— 
Raritan Landing. 

Biahop Place, and oth» 



gala, iall houn 



fMt in red shale.... 
ttgala. per minute,. 



Salisfkctory vDlnme of v 



a of BOO gals, a mlQule.. 
ater, at rate of 80 gale 



Tbroiigb drift to (rap rocli. Flow- 
ing aC rate of SO gala, per lolniite. 



feet to red sanduone. Ample 



Kicellent water. 



aboTe surface. Very hard w 
Clear and bardwi 



9,p,lSS. 
% p. 147. 

5, p. IM, 

6, p. US. 
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ABTBSIAN AND OlSEIR BORBD WBLL8— Oontlnued. 



^™. 


1 


1 

1 


.™.«^. 


1 

a 
1^ 




480 

1, 43 

2, no 

B, es 

130 
BO 

978 

172 
3M 

200 
lfl7 

8* 




Uodcrateanpplr. VeiThard wktw. 


1*87, p, 27. 





















Penn. R.R Co.'iBbopa.... 


65 feet to cock. 2,000 gall, per 


1889, p. 88. 
1879, p. 134-S. 

1385; I', m. 

1886, p. 12*. 

1887, p. 27. 

1888, p. 77. 

B:E:Si. 




No water. An abundant flow ftom 




2% 
S-fl 


S«yretllle „ 


At Sayre A FlBher'ii brick-yanl. two 




No water. At SOfrMO feet jleldea 


Trenjonr- 


""^^^h.^^^^^Lf"^- 




John A. Eoebllni-a Bodb 


Chalybeate water, poUble, but 
unfit rDrlaundrr. fubeorooked 




1890, p. 284. 
1878, p. M, 

iB^* «; 

1885^ p.' 24. 






pipe** until dilUiiiB wm aban- 










1889, p. 88. 

1889, p. 84. 
1879, p. 183. 




■ 




E«i.«)ca» Stock Fum 




Rancocas Stock Farm 

Tajlor 




8 
6% 




S:&ll 


GrOod water. Ylclda to pamplog 




1890, p. 286. 


S,C.Itobert» 




FUomW 


Sli'^-l 




W«9,p.86. 

B;S:S 


Marlton 


Good water abnndaDt. „ 
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ABTB8IAN AND OTHBB BORBD W^BLLS- Continued. 



„.„„. 


1 

3 


i 
1 

3 

1 


— 


1 
3 


F»nn of Joseph EvuiB 


m 

S16 

70 

ISD 
80 
132 

142 

3<3 

690 
160 

190 

210 

113 






1888, p. 77. 


Farm of Benjam in Cooper 






1S8S, p. isa! 


Medfonl..- 

CamdeD- 




Good water. Yleldi to pomp ],«» 
Good, soft water. Pninped 28,000 


1880, p. 89. 






Kstetbrook SUwl Pen Co... 


tS^avo'ld whlch'wlll wu deep- 
ened, ending in gDetaa, wifli 
scanty supply of walar. ... — 


18B5, p. 125. 
1886, p. 21». 

1879, p. 148. 




12 

4% 




Woodbury— 


bu dan 


18TB, p. 146. 




Good 




°s!.'i':.Vii!S».=f;? 






1879, p. 146. 




m 








Good water. 600 gals, per hour 

Goodwater. 600 gals, per hour 




His. Cooper. 1 mile nonh 


1879. p 147. 




"a-arw.o.ico. 










Surface water corroded ateam 


!^:E:I?!: 




4-2K 






1885, p. 181. 




Stopped by breakii^ of pipe 






1B89,P.87. 










^ 


'Good water, and IneihanstlWe ".. 

Reported aa "FIowIdr well ovei 
l6o (eel deep," yleliflng a uaatl 
supply of good water 


1879, p. m. 








1885, p. 124. 
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ABTB8IAN AND OTHBB BOBBD WBLLS-Oontlnued. 



™.^. 


1 


i 

a 

1 


.„.„.. 


3 










IfSS, p. 18. 








'T.irt3n.rSf.»"''S! 




m 

IM 
258 
2&S 

90 

»e+ 
sw 

SSD 
280 

200 


i 


186», p. 87. 








above suiFace, and yield on, 
pumping Sb aals. eai^h pei min-: 
uW. Quality ofwatereioellent, 1888, p. 7S. 






fSiS."S:w^«%s 












• 






flood 1 






No water at flret. On raising lube 


i88f, p. m. 




Dug 16 feel diameter for M feet, 
ter put down !□ water-bearing 








18«, p. 121. 

isso, p. ue. 


















1S89, p. 84. 

issa, p. 20. 

1884, p. 124. 
1886, p. 1». 


b 








' 


Flowing wells- 95,000 gala, io M 




m 

120 




Several other wells euocMaflilly 
bored In 1884. ISSB and 1888 In 
Asbury Park and Ocean Grove.- 




• 


mo" "■ m 




^XXl ■""" "' ""^ "'^'^■ 






ISO 

4S0 
4«5 


s 






AbuDdaat iDppI; ot para water. 










Flowing well. Rises 31 feet Flows 
15 gale, per mlDut«. Oood water... 

FlowingwelL BO gab. per mtn- 


886' p! 180. 














Flowing well. 17 feet hewl, 8^ 
gall, per minute. Oood water... 


188^ p. 21L 

1884, p. 12S. 
1886, p. 131. 
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ABTB8XAN AND OTHER BOBBD WBJJL&-OoiitiQued. 



Berkeley Ai 



Haivey Cedars, od Long 
HontevIUe 



CharlaaG. Rookwood..... 
Pleaauit UIIIb 



... Flowing well. Good wdter..... 
.wing well. Good water... . 



Flowed 8 . 
itertl . 



L above nirface. Good 
out ISO fMt. but tbla 
.J by tubing. Present IE 
Bupply scanty and Impregnated if 

lo satisfactory aupply of wab 
I Flowing well. ISfrathead. Good 



South Be«Ch Hayen,.., 
Seyen lelandu, In Oreat Bay. 
Weymouth-.... 



1 Flowing well, TO gals, per m 

Flowing well, 70 gals, per m 

Bored <7 feeL but [nbe atlerwaid 

38 feet. Flowing 

gala, per miaut«, flood 

ell. T gala per minute. 

Flowing well. 8 or < gals, per 

Flowing well... „ 

Potable. n.20gr^ni9olldatogal.. 1 

Potable, 21,30 grains solids (o gal.. 

Abundance of good water, rising U 
'" 6 ftet Bboye aurfaoe- _ " 



5, p, 18T. 
0, p. 266. 



6, p, 212. 
4, p. ISU 



, p. 2ST. 
, p. i*2. 



', p. a*. 

I. p. 78, 
l,p,89i 
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ABTESIAH AND OTHER BOBED WELLS— Continued . 



„«.„„. 


1 

3 


a 

1 


.„„„ 


1 


AxUotle Cllir 


M5 
1,400 

578 
880 

S7-92 


10 


*B™ir^™^.°::.:s;;' 


.«,». 




"•.KS.r'STpi'T.a 


1S89, p. 90. 
IS8S, p. 90. 




Good water. Piwed water-b«ar- 
lagMnla atK2g. 106. 429 uid 554 
feet reapeclivBly. 

Good water. Yields to pumping 




18S8, p. 7fl. 
im. p. 268. 


Eleotrlc Light Wocte 


Flowed to lop.-...* 




on pumping 76 gals., eacb, fine.l 






C.p.M.,Pol.l 


166 


Salt water. Driven Uiroii£h the 
water- bearing Wrala. 

Unfinished (I88S) 





Note.— A few artesian wells put down in 1890 are not in the above list, 
but are referred to in the letter of P. H. & J. Coolao, priDted on pagea- 
261-263 of this report. 
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DRAINAGE. 



BY QEO. W. HOWSLZ^ 



PEQUEST DBAINAGE. 

The reeclts of the improvemente made aloDg the Pequest river 
through the Great Meadows, in Warren county, a few years ago, are 
very Batia&ctory. The actual lowering of the surfece of the water in 
the stream has made it possible to reclaim the damaged lands of the 
entire district. The area of reclaimed lands is being increased year 
by year, and large tracts of land which formerly were utterly worth- 
less are now producing valuable cro|». Through the greater portion 
of the district the owners experience no difficulty in draining their 
lands by means of lateral ditches, the lowering of the water in the 
river affording a free outlet. The experience of the past few years in 
this locality has proved without doubt that this improvement may 
be looked upon as a permanent one. 

Still more satisfactory results, however, may be expected if the 
additional improvements should be carried out which were recom- 
mended in detail in the Annaal Report of the State Geologist for the 
year 1888. The expense of -these improvements would be very 
moderate, the beneficial results would be greatly in excess of the 
cost, and the legal authority to carry them out is fully sufficient. 

The sanitary condition of the district is decidedly improved. 
When the entire area shall have been fully reclaimed, there is no 
reason why this region should not be as healthy as any part of the 
State. 

PASBAIO DBAiyAOE. 

Under the contract made between the Passaic River Drainage 
Commissioners and Alfred B. Nelson, of New Brunswick, N. J., 
dated July 16th, 1889, work was done amounting to a little over 
$4,000. Part of this was in reducing the main &11 below the dam,. 

(286) 
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at Little Falls, but the principal part was in blasting one of the reefs 
above the dam. Oving to a lack of means to properly carry out the 
ooQtr&ct, and to certain personal misfortunes, the Commissioners 
closed the contract with Mr. Nelson February 17th, 1890, paying 
him in fiill for all the work he had done. 

Pending negotiations with other contractors, the Commissioners 
themselves continued the work, leasing the plant left on the ground 
by the former contractor. This was done in order that do stoppage 
might occur in the work. Daring this time the blasting of the lower 
reef was completed, though none of the rock was removed from the 
bed of the river. 

Od the 20th of August, 1890, the CommissionerB entered into con- 
tract with the Morris & Cumings Dredging Company, of New York 
City, for all the work remaining to be done below the dam. The 
well-known reputation of this oompaoy, connected as they have been 
for many years with important municipal and government works in 
New York harbor and elsewhere throughout tie United States, seems 
to be a guarantee that they will push their contract to a speedy and 
successful completion. By the terms of their contract they are 
required to have the work done by midsummer of 1891. Before 
that time, however, it is purposed to b^in the remainder of the work 
yet to be contracted for, namely, the removal of the ree& above the 
dam, the excavation of the bar at Two Bridges and the cut-off chan- 
nel at Pine Brook. 

It is necessary that the work now in progress should be completed 
fir^^t, in order that the Commissionera may avail themselves of the 
advantages of their contract with the Seattle Mann&ctaring Com- 
pany at as early a day as possible, namely, the reduction in the 
height of the dam and the erection of waste-gates through the dam so 
reduced, of suflScient capacity to carry all ordinary freshet waters. 
These last-mentioned improvements are to be made by the Beattie 
Company without expense to the Commissioners. The plans for the 
gates have already been made and have been approved by the Com- 
missioners, after a thorough examination of the plans in connection 
with some of the best hydraulic eu^neers in the oonutry. The gates 
will be erected aa soon as the necessary preliminary work is done by 
the Commissioners. 

No difficulty has been met in raising the funds requisite for 
carrying on the work by the sale of Commissioners' bonds, none of 
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which have been sold below par. The sale of the bonds has not been 
pushed, as the Commissioners have not deemed it advisable to sell 
bonds far in advance of the necessities of the work, in order to avoid 
canning a heavy interest account. Many of the bonds sold thus far 
have been token by parties more or less interested in the lands to be 
benefited. In many instances they have been applied for by parties 
seeking a good and safe investment. 

In a work of this magnitude delays are, to a certain extent, 
miftvoidable. The principal part of the work below the dam can 
only be done at low stages of the river, high freshets rendering it 
absolutely impossible to prosecate the work. Taking everything into 
consideration, reasonable progress has been made, and as the work is 
DOW organized, the Commissioners feel assured that it will be pushed 
vigorously to a successful termination, and that the beneficial results 
arising therefrom will be eminently satisfactory. 
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STATISTICS OF IRON AND ZINC ORES. 



The statifittcB of the iron mines as obtained by Mr, Naaon from 
mine-ownere and mani^era show a total ontput during the year 1890 
of 662,996 tons. The aggre^te tonnage of the railway and canal 
transportation lines from stations in the State, and the amounts used 
at furnaces, which do not come in the reports of these oompaoies, 
make a sum total of 537,066 tons. The difference is explained by 
the iact that not all of the ore which is mined dnring the year is 
shipped, and this amount may represent that whioh accumulates as 
stock at the mines in excess of that of the preceding year. The ton- 
nage of the transportation lines is, however, fairly comparable with 
the output as reported iu preceding years, since the latter statistics 
also are from the retams received from these companies. Assuming 
the latter sum, the increase of 1890 above that of ,1889 amounts to 
64,897 tons, or about 11 per cent. 

The statistics given in last year's report are reprinted here : 

IBON OBB. 

1790 10,000 tons Morse's estimate. 

1830 20,000 tons Gordon's Gazetteer. 

1855 100,000 toDB Dr. Kitchell's estimate. 

1860 164,900 tons U. 8. census. 

1864 226,000 tons Annual Eeport Stttte Geolt^st. 

1867 275,067 tons 

1870 362,636 tons -...V. 8. census. 

1871 450,000 ions Annual Report State Geologist. 

1872 600,000 tons 

1873 665,000 tons 

1874 526,000 tone 

1875 390,000 tona 

1876 285,000 tons*. 

1877 315,000 tons* 

* From statistics collected later. 
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4 tona Annual B«porl State QeologisU 

8 tons " " •' 

tons " " " 

3 tons " " " 

2 tona " " " 

6 tons " " " 

tODS " " " 

tons " " " 

9 tons " " " 

8 tons " " " 

9 tons " " " 



The produotion of (be zinc mines of the State, as per reports from 
ihe companies carrying the ore, amoanted in 1890 to 49,618 tons, a 
decrease of 6,636 tons as compared with that of 1889, or equivalent 
to Hi percent. 

The statistics for preceding years are reprinted in the following 
tabular statement : 

































18S0 _ 


28,811 ... 
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PUBLICATIONS OF THE SURVEY. 



DISTEIBtJTION OF PDBIJ0ATI0N8. 

By tbe act of I8G4 the Board of Managers of the Sarvey is a board 
of publication with power to issue and distribute tbe publications as 
liiey may be authorized. The Annual Reports of the State Geologist 
are printed by order of the Legislature as a part of the legislative 
documente. They are distributed largely by the members of the two 
houses. Extra copies are supplied to the Board of Managers of the 
Geological Survey and the State Geolt^iat, who distribute them to 
libraries and public institutions, and as far as possible to any who 
may be interested in the subjects of which they treat. Several of the 
reports, notably those of 1868, 1873, 1876, 1879, 1880 and 1881 are 
out of print and can no longer be supplied by the office. The first 
volume of the Final Report> published ia 1888, was mostly distrib- 
uted during the following year, and the demand for it has been far 
beyond the supply. The first part of the second volume has also 
been distributed to the citizens and schools of the State, and to others 
interested in the particular subjects of which it treats. The second 
part of the second volume, which is the only issue of the Survey 
since the publication of the Annual Report for 1889, is also ready for 
distribution to those who have received the former volumes and those 
who are especially interested in the zoology of the State. The 
appended list makes brief mention of all the publioations of tbe 
present Survey since its inception in 1864, with a statement of 
editions that are now out of print. The publications of the Survey 
are, as usual, distributed without further expense than that of traas- 
portation, except in tbe single inetance of tbe maps, where a fee to 
oover the cost of paper and prinUng is charged as stated. 
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OATAIXIGUB OF PUBLICAHOire. 



Geoloot of New Jebset, Newark, 1868. 8vo., xziv. + 899 pp. 

Out of print. 

POBTFOLIO OF Majps aooompanTiDg same, as follows : 

1. Azoicand paleozoic formatione, iucladiDg the iron-ore and lime- 
stone districts ; colored. Scale, 2 miles to an inch. 

2. Triassic formation, including the red sandstone and trap rooks 
of Centra] New Jersey ; colored. Scale, 2 miles to an inch. 

3. CratBoeous formation, including the greensand marl beds; 
colored. Scale, 2 miles to an inch, 

4. Tertiary and recent fornaations of Soatheni New Jacaej; 
colored. Scale, 2 miles to an inch. 

6. Map of a group of iron mines in Morris oountj ; printed in 
two colors. Scale, 3 iBohes to 1 mile. 

6. Map of the Ringwood iron mines; printed in two oolors. 
Scale, 8 inches to 1 mile. 

7. Map of Oxford Furnace iron-ore veins; colored. Scale, 8 
inches to 1 mile. 

8. Map of the zinc mines, Sussex county ; colored. Scale, 8 inches 
to 1 mile. 

A few copies are undistributed. 

Repobt on the Cla.t Dbposits of Woodbridge, South Amhay 
and other places in New Jersey, tc^ether with their usee for fire brick, 
pottery, &c. Trenton, 1878, 8vo., viii. + 381 pp., with map. 

Out of print. 

A Pkeliminaby Cataxoode of the Flora of New Jers^, Mm- 
piled by N. L. Britton, Ph.D. New Brunswick, 1881, 8vo., xi. + 
283 pp. Out of print. 

FiSAX Rkpobt op the State Geologmtt, Vol. I. Topc^:raphy. 
Magnetism. Climate. Trenton, 1888, 8vo., xi. + 439 pp. 

FiHAL Repobt op the State Geologist. Vol. II. Part I. 
Mineralogy. Botany. Trenton, 1889, 8vo., x. + 642 pp. 
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FiNAX Repobt of the Stat£ Geologist. Vol. II. Part II. 
Zoolc^. TrentoB, 1890, 8vo., x. + 824 pp. 

Atlas or New Jbbset. The complete work ie made up of 
twenty sheets, each twenty-seveu by thirty-seven inches, including 
margin, intended to fold onoe across, making the leaves of the Alias 
18^ by 27 inches. The location and number of each map are given 
below. Those from 1 to 17 are on the scale of one mile to an inch. 

No. 1. KiUatinny VaUej) and Mountain, from Hope to the State line. 

No. 2. SottthtBegtemBigltlands, with the aouthweet part of Eittatinny valley. 

No. S. Central Highland!, including all of Morria county west of Boonton, 

and Snssez Bouth and east of Newton. 
No. i- Nortkeaitem Highlands, including the country lying between Deoker- 

town, Dover, Fateraoo and Suffern. 
No. 5. Vicinity o/ Flemington, from Somerville and PrincetOD westward to 

the Delaware. 
No. 6. The Valleji of the Pattaic, with the country eastward to Newark and 

southward to the Baritan river. 
No. 7. The Qmnlita of Bergen, BwUon and Emex, with parts of Passaic and 

No. S. VieinUy of Trenton, from New Brungwick to Bordentown. 

No. 9. Monmouth Shore, with the interior from Metuchen to Lakewood. 

No, 10. Vicinity of Salem, from Swedesboro and Bridgeton westward to the 
Delaware. 

Ao. 11. Viciniiy of Camden, to Burlington, Winslow, Elmer and Swedesboro. 

No. 13. Viciniiy o/ Mount Holly, from Bordentown southward to Winslow 
and Woodmansie. 

No. IS. Vicinity of Bamegat Bay, with the greater part of Ocean county. 

No. 14. Vicinity 0/ Bridgeton, from Allowayatown and Vineland soutbward 
to the Delaware bay shore. 

No. 15. Southern ItUerior, the country lying between Atco, Millville aud E^ 
Harbor City. 

No. 16. Egg Harbor and Vicinity, including the Atlantic shore from Bame- 
gat to Great Egg Harbor. 

No. 11. Chpe May, with the country westward to Maurice river. 

No. 18. New Jersey Slate Map. Scale, 5 miles to an inch. Geographic. 

No. 19. New Jersey Relief Map. Scale, 6 mites to the inch. Hypsometric 

No.20. New Jersey Qeological Map. Scale, 5 miles to the inch. 

In order to meet the constantly increasing demand for these sheets, 
the Board of Managers of the Geological Survey have decided to 
allow them to be sold at the cost of paper and printing, for the uniform 
price of 25 cents per sheet, either singly or in lots. This amount 
covers all expense of postf^ or expressage, as the case may be. Sets 
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of the sheets, bound in atlas form (half morooco, oloth sides, gilt 
title, maps mounted on musUn, and guarded), are furnished at (13.60 
per copy. Application and payment, invariably in advance, should 
be made to Mr. Irving S. Upeon, New Brnnswick, N. J., who will 
give all orders prompt attention. 

Bepobt op Fbofbssob Oeobob n. Cook npos the Geological 
Survey of New Jersey and its progress during the year 1863. Tren- 
ton, 1864, 8vo., 13 pp. Oat of print, 

Thb Annual Rspobt of Prof. Geo. H. Cook, State Geologist, to 
His Excellency Joel Parker, President of the Board of Managers of 
the Geol<^ical Survey of New Jersey, for the year 1864. Trenton, 
1865, 8vo., 24 pp. Oat of print. 

Ahhual Repobt of Prof. Geo. H. Cook, State Geologist, to Hie 
Excellency Joel Parker, President of the Board of Managers of the 
Geological Survey of New Jersey, for the year 1865, Trenton, 1866, 
Svo., 12 pp. Out of print. 

Akitoai, Repokt of Prof Geo. H. Cook, State Geologist, on the 
Geological Survey for the year 1866. Ttvnton, 1867, 8vo., 28 pp. 

Oat of print. 

Report op thb State Geoloqist, Prof. Geo. H. Cook, for the 
year 1867. Trenton, 1868, 8vo., 28 pp. Oat of print. 

Annual Repobt of the State Geologist of New Jeraey for 1869. 
Trenton, 1870, 8vo., 57 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1870. 
New Brunswick, 1871, 8vo., 75 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1871. 
New Brunswick, 1872, 8vo., 46 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1872. 
Trenton, 1872, 8vo., 44 pp., with map. Out of print. • 
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Aktjuax Bepobt of the State Geologiat of New Jersey for 1873. 
Trenton, 1874, 8vo., 128 pp., with maps. Out of print. 

Anhual Repobt of the State Geologist of New Jersey for 1874. 
Trenton, 1874, 8vo., 115 pp. Out of print. 

AmfUAL Hepobt of the State Geotc^ist of New Jersey for 1875. 
Trenton, 1875, 8vo., 41 pp., with map. 

Anhual Repobt of the State QeoJc^iBt of New Jersey for 1876. 
Trenton, 1876, 8vo., 56 pp., with maps. Out of print 

AimnAL Repobt of the State Geolc^ist of New Jersey for 1877. 
Trenton, 1877, 8vo., 56 pp. 

Ankuai. Repobt of the State G^lc^l of New Jersey for 1878. 
Trenton, 1878, 8vo., 131 pp., with map. Out of print. 

Annual Repobt of the State Geologist of New Jersey for 1879. 
Trenton, 1879, 8to., 199 pp., with maps. Out of print. 

Annual Repobt of the State Geologbt of New Jersey for 1880. 
Trenton, 1880, 8vo., 220 pp., with map. Oat of print 

AimuAL Repobt of the State Geologiet of New Jersey for 1881. 
Trenton, 1881, 8vo., 87 + 107 + xiv. pp., with maps. Out of print 

Anhual Repobt of the State Geologist of New Jersey for 1882. 
Oomden, 1882, 8vo., 191 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1883. 
Camden, 1883, 8vo., 188 pp. 

AmjDAL Repobt of the State Geolt^ist of New Jersey for 1884. 
Trenton, 1884, 8vo., 168 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1885. 
Trenton, 1885, 8vo., 228 pp., with maps. 

Annual Repobt of the State Geologist of New Jersey for 1886. 
Trenton, 1887, 8vo., 254 pp., with maps. 
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Annual Rbpobt of the State Geologist of New Jersey for 1887. 
I^Katon, 1887, 8vo., 46 pp., with maps. 

Annuix Repokt of the State Qeolc^et of New Jersey for 1888. 
Camden, 1889, Svo., 87 pp., with map. 

Annual Report of the State Geolc^t of New Jersey for 1889. 
Camden, 1889, 8vo., 112 pp., with out 

Annual Repobt of the State Geologist of New Jersey for 1890. 
TrentoD, 1891, 8vo., 306 pp., with maps. 
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Graphite in Sandstone. , 31, 30 
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GrooDd-Waier „ 147 



Hat^ensack Biver Flow. 

Water-power on 

Hacketlstonn, Flow of Husconetcong at._. 

Hacklebamey Mines. 

Hainesburgli, Flow of Paulinskill at 

HardislonTitle, Fossils at 



Hartford, Artesian Well near 206 

Harvej Mine,. « 00 

Hil>emia Mines 03 

Hoboken, Artesian Wells in 262 

Hopatcong, Lake, Storage of 180 

Horses of Hock „ „ 74,77 

Howeli, George W,, Report of - 286 
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